Characteristics of urban street sediments in a small sub-tropical catchment, Shatin, Hong Kong. by Tse, Sui-fai Peter. & Chinese University of Hong Kong Graduate School. Division of Geography.
m 
CHARACTERISTICS OF URBAN STREET SEDIMENTS 
IN A SMALL SUB TROPICAL CATCHMENT, 
. … * ^ ” ' 《 ^ 如 
SHATIN, HONG KONG 》 ％ ^ • 、、： \ 
' A \ 、 
知 、：'-
\ * 
\ . ^  
! ‘ 
by / ‘ 
/ / >'.•. / -•  、+ . y' 
• … ， z 
.-•' 
TSE Sui-fai, Peter 
Thesis submitted to the Graduate School 
of the Chinese University of Hong Kong 
1 in partial fulfillment of the requirements 
for the degree of Master of Philosophy 
July, 1996 
Division of Geography 
Graduate School 
The Chinese University of Hong Kong 
/^^^s, 
fi,/统系馆書圖\，、 
丨气0 ？ _ m舊： 
^^^UBRARY SYSTEMy^^  
\^^y 
ABSTRACT 
This research investigated the physical characteristics of the urban sediments 
found in a small, highly urbanised catchment in a sub-tropical environment. Samples 
from different depositional environments, namely the street surface, gully pot and 
channelised river channel, were collected and analysed. The surface features on the 
sediment grains were examined to suggest the possible transportation-deposition 
mechanisms involved. The volatile solid content was also studied to indicate the 
potential of these urban sediments to pollute waterways. 
It was found that the sediment collected on the street surface contained many 
anthropogenic particulates, as for example rubber tyres fragments and metal powders. 
In terms of the particle size distribution of the sediments, it was found that the median 
particle size (D50) for industrial and residential street surface sediments were 435 \Jim 
and 355 ^m respectively. The gully pot had a median size of 688 ^m whereas the 
channel deposits had a median size of 1500 i^m. There are significant differences 
amongst the groups of the street sediments, gully pot deposits and channel deposits. 
The factor of surface slope was found to be significant in sediment accumulation. 
The volatile solids were found to vary amongst the street sediments from 5 % 
to more than 30 % by weight at different particle size classes with a mean value of 
12.03 %, which is high when compared with other studies. There was a significant 
relationship of the median particle size and the volatile solid content, where finer 
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particles had higher volatile solid values. The volatile solids in the gully pot and 
channel deposit were found to be low with less than 10 % by weight. The possibility 
of high volatile solids due to traffic is suggested. 
The use of the SEM in detecting the surface features of urban sediments 
showed that chemical activity was extensive whilst mechanical processes were 
apparent, there was nevertheless an overriding influence of chemical processes. All 
these suggested that chemical action dominates during the transport and deposition of 
the sediment. 
To conclude this research, several suggestions were made in response to the 
sediment problems found in the urban setting. Attention is paid to the sweeping 
practices and to an awareness of the unique climatic conditions of such sub-tropical 
areas when compared to other urban sediment studies in the temperate regions. 
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1.1 Scope of the Problem 
The effects caused by urbanisation on the land component of the hydrological 
cycle have long been studied and general conceptual models have been well 
developed. Hall (1984)，for example, gives a comprehensive view of how 
urbanisation can give rise to flood control, pollution control and water resources 
problems (Fig.1.1). Urbanisation used in this context, and within this thesis, refers to 
the increasing proportion of impervious layers of the land surface and the provision of 
urban infrastructure within a confined area. Li the course of urbanisation, several 
major modifications of the land surface are undertaken. 
Concrete or asphalt paving results in an increasing percentage of impervious 
surfaces. It has been found that the runoff coefficient can range from 0.85 to 0.9 for a 
highly built-up area in Peninsular Malaysia (Frickle & Lewis，1976; cited in Douglas, 
1985) whereas Singapore has a runoff coefficient of 0.9 for areas of maximum urban 
densities (Chow & Chang，1968; cited in Douglas, 1985). As the runoff coefficients 
for these paving materials are very high, such modifications of the land surface 
facilitate the surface runoff of excess rainwater. This in tum poses a problem in 
tropical urban areas of reducing the time of flooding and increasing the peak flow in 
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Figure 1.1 The effects of urbanisation on hydrological processes (Hall, 1984). 
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Of particular interest both during and after the urbanisation process is the 
production of sediment. Wolman (1967) has summarised the impact of urbanisation 
on sediment yield into three phases, pre-urbanisation, urbanising and post-
urbanisation. To date, most of the research on urban sediment yields has been within 
urbanising catchments (Guy, 1965; William & Reed, 1972; Thompson, 1970; Yorke 
& Davis，1971; Dinz & Moore，1974; Faye et al.，1980; Vice et al., 1969; Guy, 1970; 
Leigh, 1982; Diyles, 1978; cited in Douglas, 1985) when compared with natural 
conditions (Walling, 1982; cited in Douglas, 1985). It was found for example that, in 
Kuala Lumpur, Malaysia, an urbanising catchment of 0.063 km^ can yield 611,111 
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tkm^ of sediment per year (Leigh, 1982) whereas a natural catchment of 600 km in 
Indonesia only produced 12,000 tkm^ each year. Brandt et al. (1975) commented that 
erosion in urban development areas may also cause severe off-site sediment damage 
that becomes a concern for some governmental departments. In a study in Kuala 
Lumpur, Douglas (1978) obtained a range of sediment concentration of 55-81,230 
mgl] in a 3.3 km^ catchment under heavy development whereas only 7-1,080 mgl] 
from a 41.3 km^ forested catchment, which illustrates the extreme increase in the 
contribution of sediment during certain development phases. There remains, 
however, insufficient attention on the post-urbanisation phase, when sediment is still 
continuously been introduced into the catchment by localised construction and 
disturbance on the road surface. 
As a result, the direct stormwater drainage network is extensive in the humid 
tropics (Douglas, 1985). The paving and artificial drainage of the urban land surface 
does not eliminate the urban sediment problems (Douglas, 1985). Ellis (1979) 
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observed a concentration of suspended solid of up to 4,500 mgl'^  in the first flush of 
storm runoff from a fully urbanised catchment in Graham Park. 
Likewise, Gupta (1982) provided a comprehensive study of how urbanisation 
has had an impact on the runoff and sediment production in Singapore. By comparing 
the sediment concentration and characteristics in a stable urbanised catchment and a 
catchment under construction，it was found that the urbanised catchment had a 
maximum suspended sediment concentration of 700 mgl"^  with fine sand, silt and clay 
whereas the urbanising catchment had a suspended sediment concentration of 1,900 
mgl'i with sand, coarse sand and pebbles. It was also found that the hydrographs for 
streams draining small basins in Singapore usually had a very small lag time, i.e. very 
sharp rise and fall within very short time. These studies are especially valuable for the 
studies in tropics as the rainfall pattem occurs in marked variation and locality 
(Douglas, 1993). 
Various sediment control measures have been developed to minimise the 
above mentioned impacts, including both structural and non-structural. Structural 
measures are typically major public work projects whereas non-structural measures 
usually involve little or no construction, for example, sweeping practices, education 
and landuse planning (Walesh, 1989). One of the common structural techniques 
involves the use of gully pots which are designed to trap the sediment before it enters 
the receiving waters. The conversion of the natural drainage pattem to concrete storm 
sewerage network is expected to direct excess rainwater as quickly as possible. 
Gullies or gutters are used to facilitate the concentration of street surface runoff by 
reducing friction. Nevertheless, the use of gully pots to reduce the entry of coarse 
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sediments into the drainage system poses maintenance problems such as the regular 
emptying of the gully pot to prevent blockage. 
Li addition, an often modified and widened channel designed to accommodate 
excess runoff to prevent serious floods greatly reduces the hydraulic flow energy 
during dry periods which may in turn cause serious silting problems. These factors 
can reduce the efficiency of the urban hydrological or sediment control systems. 
u 
The implications of sediment production, transportation and deposition go 
beyond the immediate concerns of siltation and flood control. Increasing industrial 
activities, traffic and other domestic activities resulting from urbanisation also result 
in pollution problems. Much work has been done on the pollution characteristics of 
urban stormwater, especially that related to heavy metals loading, aromatic organic 
compounds and volatile organics. However, the role of urban sediments as a vector of 
pollutants has often been overlooked, especially for finer particles (less than 63 i^m 
portion) (Ellis, 1979; Yamada, 1981; Pratt & Adams，1982; Ellis & Harrop，1984). 
As Douglas (1985) has commented, in the fields of physical geography, 
geomorphology and hydrology, concern has been placed on the quantities of urban 
sediment produced, transported and deposited. In terms of the urban sediment 
problem. Brush (1981) pointed out that: 
"Very little was known about the transport and local storage of sediment passing into 
various kinds of inlets and through various types of transition which commonly exist 
in storm-drain systems. Additional research is needed to determine the sediment 
yields from various urban land-use scenarios" (Brush, 1981. P.519) 
The "first flush effect" observed in some urban storm sewers during heavy 
rainfall was found to be related to the contaminated sediments deposited during the 
falling stage of the previous rainstorm, which has reduced hydraulic flow energy to 
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transport the sediment. So the study of the occurrence and the nature of the urban 
sediments is needed. Geiger (1986) showed how runoff pollution is incorporated in 
the urban setting (Figure 1.2). In this model, the land surface and the sewer network 
are treated as separate entities. The production of pollutants or sediments takes place 
in the atmosphere, land surface, the sewer network and the receiving water which is 
affected by natural processes such as rainfall and chemical reactions and artificial 
processes such as sweeping and sewerage design. 
1.2 Occurrence of Urban Sediments in an Urban Setting 
The term "urban sediments" embraces a variety of materials found in urban 
areas. Li this research, as with other literature on urban environments, "urban 
sediments” are confined to the materials produced in an urban setting which can be 
found on the street surface and the storm sewerage, excluding garbage. The term 
"garbage" refers to domestic refuse such as litter produced by human activities. 
After scanning the literature, several sources and storage of urban sediment 
can be identified: 
a) Street surface - this refers to the road surface and in particular that for 
vehicles. Several researchers comment that the major contributor of urban sediment is 
the street surface. The production of urban sediment on these surface can be caused 
by the abrasion of traffic on the road surface, and the wear and tear of the road surface 
pavement composed of different materials. 
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Figure 1.2 Development of runoff pollution in urban drainage systems. 
Source: Geiger (1986). 
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b) Gully pot - this refers to the sediment trapped along the road gutters via grated 
inlets. The purpose of the gully pot is to limit the ingress of larger sediment and other 
matter which could cause blockage of the underground stormwater system. It is now 
seen as a source of pollution as well as an interceptor of sediments which would 
otherwise be transported into the sewerage system (CIRIA, 1990). 
c) Sewers/ channel - this is the part which links the street surface and gully pots 
to the receiving waters in the urban drainage system. Sediments may deposit here 
when the channel flow is not strong enough to transport it away. 
d) Urban soil - some of the sediments are derived from the local geology when 
the soil is exposed to the weathering agents. It is most common as a source in parks 
and areas under construction. The occurrence from this aspect is minimised when the 
land surface in the urban area is paved with concrete or other impermeable materials. 
e) Emission from industrial activities and traffic - other than regional 
atmospheric fallout, the suspended sediment and particulates is found to be related to 
the traffic density (Pitt, 1979) and the industrial activities due to the combustion of the 
fossilised fuel. 
f) Construction work - this refers to the disturbance of the land surface which 
expose the urban soil to successive weather and erosion if left unattended. Examples 
are the stockpiling of the soil and the shifting of the soil piles during the construction. 
g) Other human activities - this refers to the domestic activities, e.g. littering 
which will produce additional "sediment” to the urban setting. Li urban 
sedimentology, stratigraphers have fun with this kind of sediment and use labels such 
as "upper dustbinian (with plastic)” and "lower dustbinian (without plastic)" (Ager, 
1981; cited in Douglas，1985). 
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1.3 Nature of Urban Sediments 
According to Buchanan (1984)，the nature of the sediments at a site is 
determined by the complex interaction of four major categories: 
a) factors determining source and supply of sedimentary material; 
b) factors determining transportation; 
c) factors determining deposition; and 
d) post-depositional changes, of mainly biogenic origin. 
The nature of urban sediments can best be summarised by particle sizing, 
determining the volatile content and by examining the surface features of the grain. 
Work has been done by using such characteristics to determine the origin and nature 
of the urban sediments, including that of road surface sediment, runoff sediment and 
airbome particles (Roberts et aL’ 1988). In addition, the pollution characteristics of 
the sediment were found to be effectively summarised from particle sizing data 
(Yamada, 1981). 
1.4 Importance of studying Urban Sediment 
The quantity of the accumulated load on the road surface and its composition 
are important so that we can understand how these pollutants are flushed out and 
deposited during rainfall (Wada & Miura，1984). 
Although street sediments are not generally considered in the traditional public 
heath terms of pollution and health risks (CIRIA, 1990)，the significance of the study 
on urban sediments does not lie only in the knowledge acquired, but also with a 
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practical concem for city engineers, health officials and landuse planners (Douglas, 
1985). 
1.5 Objectives of this Research 
Much work remains to be done in this field, and in particular within humid 
sub-tropical urban areas. This research attempts to achieve the following objectives: 
(1) To investigate and compare aspects of the nature of the sediment collected 
from street surfaces in different urban landuse environments in a sub-tropical 
urbanised catchment. 
(2) To summarise the relationship between particle size and volatile organic 
portion within these settings. 
(3) To suggest possible processes involved in transporting and depositing urban 
sediments, through an examination of microscopic surface features. 
1.6 Structure of this Research 
This research examines the particle sizing and surface texture of urban 
sediments with basic pollutional analysis relating to different landuse. Li view of the 
pollutional aspect, there have been several articles in Hong Kong on the heavy metal 
loadings in urban sediments, and in roadside dust in particular (Lau & Wong, 1983; 
Wong et al., 1984; Tam et al., 1987). However, there is no research on the basic 
characteristics and nature of urban sediments in Hong Kong. 
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Given that Hong Kong, as a sub-tropical region, has abundant rainfall, high 
percentage of imperviousness and heavy traffic, and population density, it offers good 
opportunities for a study of this sort and hopefully add to our knowledge of sub-
tropical urban sediments. The purpose of this research is put primarily on the 
sediment itself and not the transport or pathway of pollutants. 
This thesis consists of eight chapters which are structured to achieve these 
objectives. This introductory chapter has portrayed an overview of the environmental 
problems related to urbanisation and in particular on urban sediments. The 
uniqueness of the fast growing sub-tropical urban cities in view of their climatology 
and urbanisation pattern was highlighted. This discussion is followed by a literature 
review in Chapter H which summarises the characteristics of different urban 
sediments and the problems raised from previous studies. 
Chapter HI gives a detailed description of the study area - Fo Tan, in Sha Tin. 
Attributes of particle size, volatile solids and grain surface features of the urban 
sediments from different depositional environments are employed in this empirical 
study. The related methodology of this research is included in Chapter IV. 
Chapter V contains the results of the particle sizing of the urban sediments. 
The focus of this chapter is on a series of tests done to distinguish the difference 
between slope and different depositonal environments with the particle size 
distribution of the sediments. Results of the volatile organics content in the sediments 
were recorded in Chapter VI where the relationship between particle size and volatile 
solids was also discussed. 
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A relatively new approach of using the scanning electron microscope on urban 
sediments in sub-tropical areas is presented in Chapter VH. Inferences were made for 
surface textural features and their related mechanisms found on these grains. 
The last chapter attempts to summarise the findings in this research, and from 
these some suggestions are made. Specific attention is focused on the sweeping 
practice and the equipment to be used in order to mitigate the sediment problem in 
urban areas. At the end of the thesis, the need of a new approach for sediment control 




2.1 Hydrological Problems related to Urbanisation 
In the course of urbanisation, with an increasing demand of the population for 
water in urban areas, the installation of sewerage systems is necessary for both 
domestic and surface water drainage. The urban storm drainage in Europe in the 
nineteenth century was first built in order to remove the stormwater and not the 
sanitary sewers, and this can date back 3000 years (Walesh, 1989). On the other 
hand, the highly populated area will increase the waterbome waste production which 
will lead to the deterioration of water quality. 
One of the major pollutional problems is the continued existence of 
uncontrolled or poorly controlled discharges from separate storm sewer outfalls and 
the combined storm sewer overflow (CSO). Both systems have difficulty in 
effectively controlling the problem of pollutants. The CSO connects the storm sewer 
to the major urban areas from which the major pollutant is domestic sewage. 
However, even for a separate stormwater sewer, which by its nature should receive 
only stormwater, the benefit of such separation will be lost if there is only 2-5% 
wrong connections (Ellis, eJ.,1989). 
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Moreover, solids are important in the transport and sedimentation of 
anthropogenic micropollutants in the sewer systems, no matter whether it is 
stormwater or domestic sewerage. Sediments and other pollutants originate either 
from processes of atmospheric fallout and precipitation or from water usage and 
subsequent waste from domestic and industrial sources (Ashley & Crabtree，1992). 
Therefore，the runoff in urban areas can present a high potential for water pollution 
(Dannecker et al.，1990) and the quality of the urban hydrological system is likely to 
be affected by the pathways of urban sediments. 
On the other hand，sewer sediments are now widely recognised as a major 
source of misfunction of the urban drainage system (Verbanck, 1990). Geiger (1986) 
has described the interaction between the surface and the sewer network of the urban 
drainage system in runoff pollution where the urban runoff is highly intermittent, and 
its flow rate changes are rapid. The effect of pollutant emissions on receiving waters 
depends on the severity of a runoff event, its antecedent conditions, and the 
characteristics and uses of receiving waters, as for example recreation purposes. 
In the course of urbanisation, much of the urban area is covered by impervious 
and semi-impervious materials, e.g. concrete and asphalt. The rainwater is collected 
by the storm sewer network, which increases the peak runoff within a shorter time 
which may induce flooding of an area. Therefore, the natural filtering capacity of the 
soil is lost and this usually leads to peaked pollutant concentration (Muschack, 1990). 
Delleur (1982) identified two major changes of urbanisation on the surface hydrology. 
The first is the increase in impervious surfaces causing the infiltration capacity 
to be reduced to nearly zero. Therefore, dusts, sediments and pollutants are 
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accumulated on the impervious street surface between storms and are eventually 
washed off during rain events. 
The second is the increase in the hydraulic conveyance of the stormwater 
network. This increases the flow velocity to scour or resuspend the deposits in the 
network causing pollution downstream. It also reduces the lag time of the storm 
waterflow which leads to larger peak flows. 
The urban runoff effects, however, are quite variable and site specific as it is 
determined by different land development, rain pattem and the varying attitudes of the 
people (Field & Pitt，1990). It has been commented that the discharge of road runoff 
into the receiving water bodies does not necessarily lead to acute damage, but that the 
longer-term damages or cumulative environmental impacts are important as some of 
the pollutants are not biodegradable (Muschack, 1990). It is further recognised that 
little information is available concerning the quantity and nature of the sediments: 
(a) on rooftops, roadways and gutters; 
(b) retained within the gully pots; and 
(c) passed via gully pots and other sediment traps into the drainage system 
(CIRIA, 1990). 
An effort is made here to scrutinise the work done so far by other workers in 
the field of urban sediment relating to these areas. 
2.2 Importance of the Urban Sediment on the Environment 
Although Mancini (1990) stressed the importance of studying the potential 
impact of the urban runoff on sediments and in tum the water quality, information is 
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lacking on the relationships between street surface contaminants accumulated between 
rainfalls and their transport during storm-runoff events (ASCE, 1977; Butler, 1991). 
As Guy (1976) states, the sediment management problems in storm water system 
design correlate with many aspects of storm flow management. Moreover, minimal 
attention has been paid to the ground deposition of sediments on the impermeable 
urban surface and in gully pots (Ellis, 1979; Pratt & Adam，1984). 
In addition, the detachment and transportation of sediment can be taken place 
by natural processes like rainfall, urban development and other human activities, e.g. 
littering may also create new sediments sources and natural sources. Other than 
construction work, sources like dust and runoff from quarries, mine dumps, cement 
works and other plants may add particulates to atmosphere and to stormwater runoff 
(Douglas, 1985). From a pollution point of view, Roesner (1982) identified three 
sources of urban runoff pollutants in combined systems: 
(1) the land surface, (primarily the streets, gutters and other impervious areas 
directly connected to street or storm sewers); 
(2) the catchbasin, (a structure installed underground to store stormwater and 
sediment) and; 
(3) the sewers. 
On the other hand, Luu et aL (1990) divided the sediments entering the 
sewerage system into direct access and indirect access. Direct access embraces all 
sorts of sediment derived from the impermeable surfaces, especially the roads, for 
example, the wear and tear of the roads, loose materials from re-surfacing of roads, 
construction activities and fine particulate matter and litters. Indirect access includes 
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the ingress or entry of the surrounding soil to the local sewers via displaced joints and 
fractures (Luu, et al., 1990). 
Fletcher (1988) summarised six principal sources of stormwater pollution as: 
(1) open land where dust and soil particles accumulated along roadside gutters, 
(2) vegetation, leaves and faecal matter, 
(3) roof and road surfaces, e.g. inorganic solids, cement, sand, eroded road 
material and salt, 
(4) motor traffic which produces exhaust gas, oil, particles from car bodies (e.g., 
iron) and rubber tyres fragments, 
(5) dusts and gaseous emissions from factories, 
(6) human activities like littering, use of fertilisers and detergents. 
Thus unlike municipal waste, stormwater quality is much more affected by 
surface sediments, when the storm sewerage system mainly serves the street surface. 
So the storm runoff quality of the urban area can be affected by the surface sediment 
more than the municipal waste (Ellis, 1979). The runoff in urban areas has high 
potential for water pollution because of the polluted surface sediments such as heavy 
metal from vehicles traffic (especially lead and zinc) and other anthropogenic 
emissions deposited on the street surface (Dannecker & Stechmann，1990). It was 
also found that, by using elemental composition analysis, the two major contributing 
sources to storm drainage pollution are traffic and the road surface itself (Ellis & 
Hamilton, 1981). Roesner (1982) commented that the land surface, especially the 
street, gutters and other impervious area, was the most important contributor of 
pollutants in urban runoff. Moreover, the transport of the street sediments into the 
drainage system is influenced by factors such as particle size, wind and rainfall and 
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the removal ofthe sediment from the surface will be affected by sweeping frequency 
and methods and the retention of the sediment in the gully pot will be affected by 
factors such as particle size and density (CIRIA, 1990). 
The accumulation characteristics of urban sediments are themselves a key to 
their origin. Ellis (1989) suggested that the impermeable urban surfaces would 
provide an unlimited sediment storage for the washoff and that the surface 
accumulation can be represented by a simple linear function between sediment 
accumulation and time. On the other hand, Sartor & Gaboury (1984) and Grottker 
(1987) theorised that the accumulation-removal curves could be either linear, power 
linear or exponential according to different parameters used in the models. In 
developing the runoff-pollution model, the pollutant concentration can be viewed as a 
flmction of three factors (Sartor & Gaboury, 1984): 
(1) accumulation of contaminants on street surfaces; 
(2) rainfall/runoff washoff; 
(3) street sweeping removal. 
Therefore, three scenarios are available (Figure 2.1a-c). Consider a 
hypothetical area of street surface which is subjected to continued and uniform 
loading of contaminants. First, if there were no other activities to disturb the 
contaminants, the mass load on streets would increase with respect to time, i.e. linear 
relationship (Figure 2.1a). Second, the accumulation relationship may be affected by 
other factors, e.g. wind and traffic. Therefore, the load would gradually approach a 
limit. 
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This curve would be complex if other factors such as traffic, rainfall, street 
maintenance, the resultant slope and street cleaning practices were included (Figure 
2.1b). Third, when the street surface load over time is affected by intermittent rain 
and periodic sweeping, the accumulation-removal curve will be more like Figure 2.1c. 
The last two scenarios are more realistic, and are particularly useful in 
describing the process of accumulation, removal and transportation of the urban 
sediment, especially street load. Grottker (1987) also discussed the mathematical 
explanation for the model which can be used for more detailed analysis. 
Therefore, the rate of sediment build-up is dependent on many factors such as 
sediment particle size, meteorological factors, the catchment and the nature of the 
sewer system which makes the establishment of a universal sedimentation model 
difficult (Ashley & Crabtree，1992). 
A brief literature reivew is given in section 2.2.1 to 2.2.3 to clarify the 
depositional environments which are included in this study and the sediments 
collected in these environments. 
2.2.1 Road surface sediments 
The impermeable surfaces can provide a large variety of sediments and in 
particular the street surfaces are potentially significant contributors to water pollution 
(Sartor & Gaboury，1984). These mainly consist of rocksalt, wear and tear of the 
roads, re-surfacing materials, construction aggregates and some fine particulate 
matters, fallen leaves and litter (Luu, et al, 1990). Li Hong Kong, the use of rocksalt 
is unnecessary as there is no snow, and the degradation rate of organic matter may be 
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different. Therefore, some of the sediments found in Hong Kong may be different to 
those found in temperate/cold environments. 
A detailed study of Graham Park in the United Kingdom (Ellis, 1979) 
provided an extensive list of sediments on a road surface, where bitumen, rubber and 
joint filling compounds could be found. Li addition, the traffic produced tyre 
fragments, plastics, oils, metal and glass materials which accumulated in the gutters 
(Ellis, 1979; Muschack, 1990). The organic portion can be derived from the 
surrounding vegetation such as leaves, pollen and grass clippings. Moreover, it was 
found that the road surface ("gully") sediments had a larger average diameter than 
those collected downstream in the sewer network, the reason suggested being that 
larger particles may settle before they enter the sewer system (Chebbo et al.，1990). 
The study of Roberts et al (1988) showed that high iron content of the road surface 
sediment can be related to the wear and tear of the vehicles, though no clear 
relationship was found between elemental composition and surface texture. This was 
supported by Muschack (1990)，who argued that the high iron content is caused by 
brake abrasion dust emissions. Li addition, Beckwith et al. (1990) reports that the 
dominant source of the magnetic minerals is located towards the road centre and is 
most probably associated with motor vehicles. 
Nevertheless, Ellis & Revitt (1981) were unable to substantiate a relationship 
between the heavy metal loading and traffic density. It was further suggested that the 
nature of the road surface (concrete and asphalt) seemed to have differences in the 
yield of Pb and Zn, and a high titanium content within the sediment was considered to 
be derived from road-marking paint (Roberts et al., 1988; McCrone, 1973). 
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A study of the accumulation on street surfaces in Chengdu, China, suggested 
that the quantities collected by weight according to different landuse were in the 
sequence of: industrial > residential > traffic > commercial and business, which also 
showed heterogeneity and randomness though the particle sizing did not show great 
variation (Shi, 1991). Similar patterns were found by Wada & Miura (1984) in Japan. 
In a study of the surface sediment characteristics in an urban catchment in London, 
Butler et al (1992) introduced the concept of non-particulate matter which mainly 
consisted of vegetation, litter, matted fibres and hairs, in order to differentiate this 
from the retaining sediment. In short, the most significant source of sediment in 
urban areas, in terms of quantity, comes from the road surface as a result of active 
erosion of the road and vehicles by traffic (Roberts et al, 1988a). 
Although street sweeping has been viewed as the Best Management Practice 
(BMP) in the United States EPA urban runoff programme for the control of urban 
runoff quality, recent key findings suggest that it is not effective in reducing the end-
of-pipe urban runoff pollution loads (Sartor & Gaboury, 1984; Bender & Terstriep， 
1984). It is efficient in removing coarse particles, but not the finer ones. As 
aforementioned, however, the fine sediments are often associated with pollutants, e.g. 
heavy metals or organics. 
2.2.2 Gully pot or catchbasin sediments 
Gully pots are placed along the roadside to act as inlet points for rainwater and 
stormwater runoff to the sewerage system (Fletcher et al., 1990). It is expected that 
the gully pots can remove solid materials that would possibly block the sewer and also 
act as a water seal to prevent bad odours. The gully pots unfortunately also contribute 
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to the appalling conditions of the storm sewers (CIRIA, 1990). The chamber 
sediments trapped become septic under anoxic condition and the polluted supernatant 
liquors and anaerobic sludge are displaced when there is an input of fresh runoff 
water. Such an increase in pollutant loads on the rising limb of the hydrograph is 
referred as "first flush" or shock pollution (Kibler, 1982). 
It has been found that the role of gully pots should be revised as "limiting the 
progress of larger sediment and other matter which could cause blockage in itself (the 
sewer)” (CIRIA, 1990). A notable characteristic of the gully pot sediment is the 
higher proportion of fine organics (Ellis & Harrop，1984). Because of the high 
organic content in the gully pot sediments and their ability to contain finer particles in 
these low energy conditions, it is suspected that they can have very high pollution 
potential (Verbanck, 1990; Ellis, 1989). As the guUy pots and the underground 
sewers can serve as effective sediment and pollutant sinks, these materials are likely 
to be released on the initial turbulence of the subsequent storm event (Beckwith et aL, 
1990; Muschack, 1990). It is acknowledged that the accumulation of the sediment in 
the gully pot is affected by other factors such as catchment characteristics, 
meteorological condition, hydrology and hydraulic influence (Pratt & Adams，1984) 
whereas Ellis and Harrop (1984) stated that such mechanism is transport-limited and 
is dependent on the particle size availability, road surface microtopography and storm 
characteristics. Fletcher et al. (1990) identified four factors determining the degree of 
pollution in gully pots: 
(1) intensity and duration of rainfall; 
(2) length ofpreceding dry period, which controls the build-up of pollutants in 
gutters and the quality of stored water; 
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(3) seasonal variations in terms of rainfall pattem, temperature, and leaf fall; and 
(4) effectiveness of cleansing procedures. 
Pratt (1981) found that the mean 14-day mass of sediment washoff to gully 
pots correlated well with catchment characteristics such as imperviousness, slope, 
drainage path length and number of houses served. Other than these factors, human 
activities, e.g. littering, discharge of detergent and fertilisers, can also lead to 
variations in quality between gully pots (Fletcher et al.，1990). In a study of gully pot 
sediments, Pratt and Adams (1984) found that factors affecting the mobilisation of the 
sediment were more important than those affecting the accumulation before a runoff 
event. In addition, Ellis & Harrop (1984) found that the antecedent dry period length 
had only a minor effect on the availability of sediment than the rainfall intensity, 
which was related to the strength of rainfall to carry sediment. The presence of 
blockage of the drainage system very often is not related to the progressive 
accumulation of sediment from the highway to the sewer but the entry of some tree 
roots, wood or paper which aggravate the accumulation of further sediment (CIRLA, 
1990). Until now, Beckwith (1990) commented that there was still no consensus on 
the exact controlling parameters. 
2.2.3 Sewer sediments 
The presence of the sewer sediments not only affects the hydraulic capacity 
and conveyance efficiency of the sewerage but shock loading effects upon the 
receiving waters are also serious (Ellis, 1989). The shear stress, cohesiveness and 
BOD strength of the sediment affect the mobilisation and resuspension of the sewer 
sediments as these in tum affect the scouring and mobilisation of the sewer sediment 
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(Ellis, 1989). Field and Pitt (1990) found that large quantities of sediment can be 
transported through the mechanisms of deposition, resuspension and redeposition. 
Kleijwegt et al. (1990) in their study of the initiation of sediment transport found that 
some deposits in sewers, especially the sand mixed with organic matter, were virtually 
permanent due to the insufficient capability of the flow to erode the deposits. On the 
other hand, Verbanck (1990) stated that the deposition of the sewer sediment was 
influenced by the rainfall events more than by human sewer-cleaning practices. He 
also noted that the sewer sediment samples in the combined sewer lines in Brussels 
were sandy in nature, thus having slight pollutional effects. 
2.3 Studies on the Characteristics ofUrhan Sediments 
There is very little information on the specific nature of urban sediment in 
terms of density, grading and shear strength (Luu et al, 1990). The nature of the 
accumulated sediment in an urban environment varies according to location and road 
use such as traffic density. Moreover the transport of sediment into the system will be 
influenced by factors like wind, rainfall, sweeping frequency and methods (CIRIA, 
1990). It is further suggested that in the investigation of urban sediment, as a 
minimum schedule, sample analyses should include sediment size grading and 
percentage organic matter. The use of particle size in predicting the pollutant strength 
was done by Yamada (1981) where he concluded that this method was useful and 
noted increasing pollutants like volatile content with decreasing particle size. In 
addition, Hamilton et al. (1984) suggested that the transport pathways and effects of 
particulate associated metals were dependent on the size spectrum of particles and 
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also on the chemical speciation, hence the study of particle sizing of the street surface 
sediments was important for ftuther pollutional investigations. 
On the other hand, it is acknowledged that at present there is insufficient detail 
available on the surface texture other than the size and cohesiveness of the sediment 
(CIRIA, 1986). It is suggested that the use of scanning electron microscope (SEM) 
can provide clear images of the particles which could be analysed quantitatively for 
shape and appearance in addition to the use of a fuzzy classification scheme for many 
additional surface features (Roberts et al., 1988b). 
2.3.1 Particle size and volatile content 
In a French study to characterise the solids in the Bordeaux urban area, 
Chebbo et al. (1990) found that the particle size distribution of the sediment at the 
bottom of the retention basin follows a bimodal curve which peaked at 25 i^m and 
around 1600 |im. The lack of particles between 100 and 250 i^m was also noted 
though the mechanism was not known. 
For street surface sediment, Butler et al. (1992) obtained 172gm'^  in London 
with a median particle size of about 400 i^m, with a volatile content of about 6 %. 
The particulate matter found on streets had particle sizes ranging from about 75 to 
3000 \xm (Sartor & Gaboury, 1984). Ranges from 500 to 2000 ^ m for road sediments 
were found in Ellis & Revitt (1982)'s study suggesting that concrete surfaces 
contributed the greatest proportion of material less than 250 |im compared with more 
coarse material produced by asphalted surface. 
Verbanck's (1990) study of Brussels sewer sediments indicated that particle 
sizes ranged mainly from 200 to 500 i^m and that the volatile content was below 5% 
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in general. The nature of the gully pot sediments were also observed to be more 
heterogeneous in size and the volatile content was very high (10.8%). The road 
surface sediments were found to be finer in size as they were deposited during the 
recession limb. In Chengdu, the organic carbon in fine road dust (<63 ^im) occupies 
about 11.5% ofthe total mass of sediment on the street surface (Shi, 1991). The mass 
of the washoff collected can be divided into organic debris, which consisted of 
material larger than 1250 i^m of vegetation and litter; and total sediments, which 
included organic and inorganic sediment (Pratt & Adams, 1984). Among the gully 
pot sediments collected, 92% ofthe sediments were around 400-1250 ^ im and the total 
volatile fraction was 7% of the total sediment mass obtained in the UK (Pratt & 
Adams, 1984) as compared to a volatile fraction of 5.24% for 250-2000 ^im, and 
14.39% for particles less than 74 ^ m in Japan (Yamada, 1981). 
2.3.2 Surface features identification bv using the SEM 
Sediment character depends on the landuse and building materials of different 
areas, e.g. a higher portion of aggregates in modem areas of housing with concrete 
drives and a smaller number of aggregates in modem areas with no gardens (Roberts 
et al., 1988). Usually, a fresh quartz grain bears a angular plain surface as a result of 
mechanical breakage; then is strongly abraded and affected by solution and 
precipitation from prolonged weathering to give features such as 'V'-notches, silica 
precipitation and solution on the grain surface (Roberts et al, 1988). 
Interestingly, "glassy spheres" of flyash, being mainly silicates (1-3 i^m 
diameter), have been found in urban street sediments and the silica coatings were 
globular and undulating as they covered the adjoining particles (Roberts, 1988). 10-
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20 p,m sized glassy spheres in size were also found in Watts & Smith (1994). In 
Robert's study (1990), the SEM showed that the quartz grains were angular with 
fresh-faced, plain surfaces, arising from mechanical breakage (1-40 ^m), straight and 
conchoidal steps, impact blocks, 'V'-notches and striations. It was noted that the V-
notches were not as well developed as with fluvial stratigraphic studies and therefore 
suggests a relatively short period of transport compared with fluvial cases. The above 
information ofthe surface textures of the sediment collected in various areas suggests 
that the processes of abrasion, solution and precipitation may have been realised in the 
early stages in the transport pathway of sediment from the source to the entry into the 
urban drainage system. In general, although the use of SEM is popular in Quaternary 
depositional studies, few comprehensive studies similar to that of Ellis et al. (1982) 
and Roberts et al. (1988) have been conducted on the study of urban sediment. 
2.3.3 Studies in sub-tropical humid areas 
Douglas (1993) has summarised urbanisation impacts on tropical 
environments including Hong Kong and other Southeast Asian countries. Gupta 
(1982:139) commented that “_there is little data on sediment production under 
natural conditions and especially under urbanisation in the humid tropics". It should 
be reminded that the rainfall characteristics in tropical areas are unique when 
compared with the temperate regions where most of the urban sediment studies have 
been done. Marked variations in rainfall can occur over short distances in the tropics 
and that individual rainstorms are local in spatial context and maybe considerably 
higher intensities and amounts (Jackson, 1989). All these factors will affect the 
hydrograph and sediment production and mobilisation within an urban catchment. 
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Therefore, it is necessary to collect information in tropical urban areas to enable more 
effective planning and management of street and channel systems. 
2.4 Problems raised from the review of previous studies and directions 
In view of this review of research on sediments in urban settings, several 
comments can be made. First of all, minimal attention has been given to urban 
sediment transport other than suspended sediment in relation to the hydrological cycle 
and fluvial depositional environments, though there have been numerous works on 
heavy metals in urban dusts. 
Secondly, the process of street surface erosion is seldom discussed. It has 
been recognised by civil engineers that the different types of road damages can also be 
due to causes other than the surfacing materials (Cedergren, 1974; Asphalt Institute, 
1989). The main concem of the engineers concerning road surfaces should be 
directed to water as an agent which causes degradation and management problems 
(Cedergren, 1974). Furthermore, the impact of water is possibly very important in 
tropical to sub-tropical environments. 
Thirdly, the use of SEM on the urban sediments is lacking. There is no 
standard procedure in the analysis of surface features in terms of number of grains to 
be used, pre-treatment of the samples and features to be studied. It should be noted 
that the use of SEM can go beyond the descriptive analysis of the samples, particularly 
.w i th the use of statistical methods (Bull, 1978). • 
In this research, an attempt will be made to answer several questions in line 
with these previous observations: 
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(1) What is the nature (origin and mineralogy) of the sediments collected in an 
urbanised area with a high percentage of impervious cover? 
(2) What are the differences between the urban sediments in terms of organic 
matter and particle size? 
(3) How is urban sediment deposited and accumulated? 
(4) What is the implication of this study of urban sediments to municipal 
management in terms of water pollution? 
The significance ofthis study is that it is one of the few studies of the physical 
and chemical characteristics of sediment in a sub-tropical environment. Bearing this 
in mind the objectives of this study are to: 
(1) To investigate and compare the nature of the sediment collected in a variety of 
sub-tropical urbanised areas with high imperviousness. 
(2) To determine the relationship between particle sizing and volatile organic 
portion in the sediment collected in these urban settings. 
(3) To suggest the possible processes involved in transportation and deposition of 
the urban sediment by studying the microscopic surface features with the use 
of scanning electron microscope (SEM). 
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CHAPTER III 
STUDY AREA - FO TAN CATCHMENT 
3.1 Introduction 
The objectives of this research were articulated in the second chapter: to 
investigate and compare the nature of sediment collected in sub-tropical urbanised 
areas with high imperviousness in different landuse areas, i.e. residential and 
industrial. In addition, the possible processes involved in the transportation and 
deposition within these different environments will also be examined. In this respect, 
the study area chosen for this research had to fulfil several requirements. 
First of all，the study area should have a reasonably high percentage of 
impervious coverage. This is because such a pattern is characteristic of cities in 
Southeast Asia, especially within the newly industrialising countries. A very good 
example is the Singaporean experience, which involves an increase of impervious 
surfaces and the installation of a channelised drainage system, with about 40% built-
up area of the whole country (Gupta, 1982). 
Secondly, there should be pockets of relatively homogeneous landuse so as to 
discern differences in urban landscapes. Thirdly, it has to be of manageable size 
within which different types of urban sediments from different environments can be 
collected. Ideally, there should be as little human disturbance (such as rebuilding and 
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construction) as possible for this affects the accumulation and removal of sediments 
on the road surface and is important in identifying the processes of urban sediment 
transport and deposition. 
Nevertheless, it is impractical to exclude this human disturbance factor, 
particularly in a dynamic Asian urban setting, for the landscape is very much being 
altered by road sweeping, littering, construction and so on. So it should be noted that 
during the study period human factors more or less did play a role in the production, 
mobilisation and deposition of urban sediments and should be treated as part of the 
dynamic interaction between humans and their urban environment. On the basis of 
these requirements, a small catchment in the Shatin valley of Hong Kong was selected 
for study. 
3.1.1 Hong Kong 
Hong Kong lies near the Tropic of Cancer and has a typical sub-tropical 
climate (Figure 3.1). It has an average annual rainfall of about 2214.3 mm with a 
mean air temperature of 23°C (Royal Observatory, 1995). Most of the rainfall takes 
place in summer in the form of thunderstorms, tropical cyclones and troughs, though 
there are many rainfalls not associated with definite rain bearing systems (Cheng, 
1979; cited in Jackson, 1994). Li addition, Jackson (1994) found that there was no 
correlation between the total seasonal rainfall to any important seasonal variables, 































































































































































The annual rainfall data of Hong Kong in 1994 is included in Table 3.1 for 
reference. It should be noted that the exceptionally high rainfall during this summer, 
with an amount of 1147.2 mm for July (average rainfall for July is 323.5 mm) and 
some of the three days having daily rainfall greater than 100 mm (Table 3.2) must 
have affected this study of sediment transport. 
Pitt (1979:28) has defined a significant rainfall, being that required to initiate 
the mobilisation of sediment, as “... a significant rain that is expected to remove a 
large portion of street contaminants and can also add material to the street surface 
during the rain ...". An amount of 0.2 inch (about 5 mm) or greater within one day 
(irrespective of traffic conditions) was regarded as a significant rain in the study of 
nonpoint pollution in San Jose in the USA (Pitt, 1979). Unfortunately there are very 
few other studies that provide such detailed figures or variations in significant rainfall 
with as the types of paving materials, population density, different pollutants and with 
specific particle sizes. 
Li Hong Kong, the frequency of having a rainfall greater than 5 mm and the 
mean rainfall volume for each significant rain event in 1994 is shown in Table 3.2. 
The highest occurrences of the rain events greater than 5 mm were July and August 
and yet there occurred no event greater than 5 mm in October and November. This 
pattern allows a basic understanding of when the sediment is most likely to mobilised 
during the sample collection and sediment analysis throughout the sampling period 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































On the other hand, a comparison between other cities of the mean rainfall for 
each event, interval for each event and the frequency of rain event is included in Table 
3.3. It should be noted that the high mean rainfall volume for each event is typical of 
a sub-tropical region. 
Li terms of geomorphology, most of the land in Hong Kong comprises hilly 
terrain (Table 3.4), with slightly over one-third having less than 15° in slope gradient 
and nearly one-third of the Territory has slopes in excess of 30° (Styles & Hansen, 
1989). In addition, slope instability, which refers to scars and debris associated with 
slope failures, is common in Hong Kong. About 21.6% of the Territory displays some 
form or other of slope instability (Styles & Hansen, 1989)，reducing the usable land 
for settlement considerably. For example, existing development and construction 
occupy about 22% of the whole Territory, whereas about 70% of the mainland portion 
ofthe Hong Kong and Kowloon (GASP I) is developed (Styles & Hansen, 1989). 
Therefore, the percentage of imperviousness in major new towns and urban 
area is usually very high. The weathering profile, controlled by mineralogy, 
discontinuity spacing and the rate of erosion, also affects the engineering character of 
these sites. In Hong Kong，a classification scheme of land use (GLUM- Geotechnical 
Land Use Map) based on the geotechnical limitations has been adopted to identify 
























































































































































































































































































































































































































































































Moreover, much of the natural drainage pattem in Hong Kong is disrupted by 
development. Within the extensive built-up areas，changes caused by urban 
development like channelisation, realignment of drainage paths and the formation of 
impervious surfaces sees to it that runoff is removed through a system of storm drains 
into the main channels with very little opportunity for infiltration into the ground 
(Styles & Hansen，1989). Based on the above considerations, the Fo Tan catchment 
was chosen to serve the purpose for this research. 
3.2 Fo Tan Catchment 
The Fo Tan catchment is situated within the Sha Tin District where the total 
built-up area for the whole Sha Tin District is about 55.21% (1333.88 ha) of the total 
development area (2785.41 ha) (Planning Department, 1993，OZP Plan no. S/ST/6). 
The river channel and the major road drainage occupy 11.12% of the total area，with 
309.77 ha. This figure is exceptionally high when compared with studies undertaken 
in temperate countries or urbanised tropical countries like Singapore where about 40% 
is considered as built-up area (Gupta, 1982). This pattem, however, is similar to and 
typical of the urbanisation styles in many south-east Asian cities, e.g. Singapore, 
Manila and Jarkata can be used as reference. 
Figure 3.2 shows the topographic map of Fo Tan including the natural 
catchment and the Shing Mun drainage system. Notice from this figure that the urban 
catchment of Fo Tan is relatively small but with a very high impervious coverage 
(about 90 %) whereas the natural catchment is large in area with mainly vegetated 
hillslopes. 
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In this study, two sub-areas were identified, namely sub-area A，which 
represents an industrial-dominated landuse pattem, and sub-area B which represents a 
residential-dominated landuse pattem (Figure 3.3). The catchment sizes for sub-areas 
A and B are 0.027 km^ and 0.015 km^ respectively. The delineation of the two sub-
areas is based on the drainage network pattem serving this region. As commented by 
Styles & Hansen (1989) in the Hong Kong GASP Report XH, "it is not possible to 
map the drainage hierarchy within areas of urban development with reliability, the 
exact locations of the major catchment boundaries in the developed are uncertain". 
Nevertheless, the purpose of using the catchment concept as a study unit was based on 
the notion of obtaining urban runoff information at the start of the study, though this 
aspect of the work was cut short by failure of the automatic recording equipment. 
Nevertheless, throughout the researc ,^ four main depositional environments will be 
studied within these two sub-areas: 
a) street surface from sub-area A (industrial); 
b) street surface from sub-area B (residential); 
c) the gully pots in sub-area A (industrial) only; 
d) the channel at the outlet of both sub-areas A and B. 
For the collection of the street surface sediment, ten sampling sites were 
selected in these areas (Figure 3.4). The details of the sampHng sites are included in 
Table 3.4. The criteria of choosing the sampling sites are based on their 
representativeness of that road section to the study area，and minimal human 
intervention. It should be pointed out that site 2 was abandoned at a later date due to 
intense human disturbance on the surface in the form of frequent washing by the bus 
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Table 3.5 Street surface sediment sampling site characteristics. 
Site Location Slope(。） Road surface Other characteristics 
SE2 
1* Shan Mei Street - 2.5 Concrete Traffic light, a small 
northwest bound garden and foodstall 
nearby 
2* Bus Terminus 3.5 Concrete Bus stops with regular 
(Shan Mei Street) 一 cleaning by the bus 
east bound company (excluded 
because of intense human 
impact) 
3* Shan Mei Street - 3.33 Concrete The turning point of the 
southeast bound road 
4* Shan Mei Street - 2.33 Concrete Straight road with least 
northwest bound human intervention, e.g. 
construction, cooked food 
store 
5* Shan Mei Street - 3.5 Smooth asphalt Mini-bus stop nearby, 
southeast bound exposed soil with 
vegetation in the 
playground nearby 
6* Shan Mei Street - 1.67 Concrete Similar to site 4 but in 
southeast bound opposite lane 
9** Sui Wo Road - 4.5 Smooth asphalt Slope is relatively steep 
south bound than subcatchment 1’ some 
hillside vegetation and 
soils found 
10* * Sui Wo Road - 1.17 Smooth asphalt Trees are grown nearby 
south bound 
13** Sui Wo Road - 5.5 Smooth asphalt Some roadside vegetation 
north bound is found in the cracks of 
the road 
14**~~Sui Wo Road - 2.67 Smooth asphalt Similar to site 7 but 
north bound opposite lane 







Gully pot deposits, were sampled from three gully pots at sites 1，4 and 5 in 
sub-area A (industrial), there being no gully pots in sub-area B. The channel deposits 
were collected manually from the main channel (nullah) near the outfall of the two 
main storm sewerage drains that serve these two areas and the natural catchment 
upper stream. Some of the photos concerning the sites are included (Plates 3.1-3.4). 
The collection of the sediment is contained in the chapter of Methodology (Chapter 
W). 
3.2.1 Geology 
The underlying geology of the study area is divided into two major categories. 
Jn sub-area A, it is classified as "alluvium and debris flow deposits" with ‘‘day/silt， 
sand and gravel, well-sorted to semi-sorted ;and unsorted sand, gravel, cobbles and 
boulders, clay/silt matrix". For sub-area B, it is classified as "coarse-grained granite > 
6 mm" (GCO, 1986). 
Ln this urban landscape, much of the land surface is covered with impervious 
concrete or asphalt, so the impacts of the local geology on the urban sediment 
production and mobilisation are limited to disturbances on the land surface, e.g. 
digging up of the road or breakdown of materials from the urban soil in that area. Jn 
the urban setting, the local geology is not the most important factor in contributing the 
street surface sediment. On the other hand, the physical nature of channel sediment in 
this research is affected by the geology of the catchment as the river passes through 
the natural catchment (Figure 3.5). 
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Plate 3.4 SampUng site 10. This is a site where many leaves were collected (residential area). 
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3.2.2 Landuse 
The landuse in sub-area A is zoned "Industrial" (O.Z.P. Plan no. S/ST/6, Town 
Planning Board, 1993). Activities like electronics’ metal hardware shops, clothing 
and dyeing can be found in the industrial estates or factories within the area (in sites 1， 
3，4，5’ 6，and guUy pots). Some motor garages and limited commercial activity are 
present (only one by the time of the study began) in sub-area A. A relatively 
homogeneous landuse of high-density residential, which is zoned "Residential" 
(category A), is found in sub-area B (in sites 9，10，12 and 14). These are the estates 
of the Home Ownership Scheme and some private, high-class residential estates. The 
high-rise buildings in clusters are common in Hong Kong to accommodate high-
density population (Plate 3.5). Within this sub-area, there is a shopping mall with 
some education facilities and a bus and taxi terminal. 
3.2.3 Road Surface and Traffic Characteristics 
There are two major types of road surfacing materials used in this study area -
concrete and asphaltic concrete, i.e. concrete with bituminous materials (Plates 3.6 & 
3.7). The use of bitumen with concrete, usuaUy around 3 to 7% of total mass (CED, 
1992)，has the advantage of providing friction for better braking and attachment of the 
vehicle to the road surface, offering more strength to carry the expected traffic loads 
than purely concrete alone. Aggregates are usually being used in the mixing of 
concrete and bitumen for the pavement. The standard percentage of each particle size 
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Plate 3.5 Study area B consists ofhigh-rise residential buildings. 
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Plate 3.6 Sampling site 9. The bituminous materials are loosened and left on the kerb-side. 
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These types of materials slowly degrade and the fragments produced will be 
released to the road surface if the surface layers are removed (Plate 3.8) or due to 
disturbance caused by construction activities (Plate 3.9). The erosion of the road 
surface or sub-base aggregates is sometimes accelerated by the large input of 
rainwater and the load of the traffic with the bouncing action of the car on the road 
surface (Cedergren, 1974). 
The designed or expected traffic volume that the road can accommodate 
depends on the nature of the road. In Hong Kong the roads are classified into five 
main categories (Appendix E, Transport Department 1995). Fo Tan is a busy district， 
with trucks and cars passing through the industrial and residential areas, though trucks 
tend to be confined mainly to the lower part of the area, i.e. in the industrial area. The 
term Annual Average Daily Traffic (A.A.D.T.) is used to estimate the traffic volume 
passing through the assigned road section. This is calculated directly for each core 
station or by multiplying the observed short-period count of the coverage station by a 
group scaHng factor pertaining to the appropriate day of the week and month of the 
year CTransport Department, 1995). ‘ 
< 
Li sub-area A, the daily traffic (A.A.D.T.) passing through the region is 
estimated to be around 38,430 to 50,460 vehicles in 1994. And for sub-area B, the 
traffic is estimated to be around 16,420 per day in 1994 (Transport Department, 
1995). These data on the traffic condition for the study areas are very important as the 
sediment genesis and transportation may be related to the traffic as has been suggested 
in previous literature (Muschack, 1990). 
52 
^ 9 
Plate 3.8 Lack of maintenance causes the degradation of the road surface, both concrete and bitumen. 
Notice the upper corner where the cracking is caused by the compressional force of traffic. 
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Plate 3.9 Construction work sometimes wiU expose the local soil. This can be the major source of sediment in  post-development urban environment 
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3.2.4 Stormwater DrainageNetwork 
The stormwater drainage network of the area was obtained from the Drainage 
Service Department (D.S.D.) and a simplified network is present in Figure 3.4. The 
routing of the street surface sediments is an important explanatory variable in particle 
size and grain surface characteristics. There are two types of network in the Hong 
Kong drainage network system. A sewerage system is designed to collect polluted 
water from the established landuse in the nearby region for treatment before it is 
discharged to the receiving waters. A separate stormwater drainage network is used to 
collect rainwater mainly from the land surface. In Hong Kong, both the stormwater 
drainage piped systems and the local nullah (open waterway) are designed to 
accommodate a 1 in 100 year rainfall, whereas it is 1 in 50 years for drainage network 
in developed areas, e.g. the Central Business District (CEO, 1978). 
Li Hong Kong, there has been a history of illegal connections from factories 
I 
and other landuse types to the stormwater drainage system, either for convenience or 
I 
to avoid the cost of treating waste water. As one of the three major tributaries of the ] 
Shing Mun River system, Fo Tan nullah has been polluted by wastes to various 
I 
degrees (EPD, 1994). The Fo Tan nullah was heavily contaminated by these 
unauthorised discharge of industrial effluents before 1987 and the river quality was 
graded “bad，，using the water quality index (which includes the use of dissolved 
oxygen, biological oxygen demand and the ammoniacal nitrogen) in this category 
scale (EPD, 1994) for one of the sampling points near the present study area. 
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Fo Tan and the nearby waters of Tolo Channel，were designated a Water 
Control Zone in 1982 (Figure 3.7) and came under stringent control of water quality 
after 1987 with the enforcement of the Water Pollution Control Ordinance (EPD, 
1994). As a result, no polluting activities were allowed to exist in the water control 
zone and in its upper stream and in the recent study, the river quality is graded “fair’， 
as in 1992 (Figure 3.8). It must be assumed, therefore, that there is no illegal 
connections to the stormwater sewerage which may affect the sediment source, though 
recent intensive observation of low flow conditions (Wan, personal communication, 
1996) suggests that some connections may still be active. 
3.2.5 A unique hvdrologic year 
The year 1994 saw one of the most abundant annual rainfalls of the decade. 
During the study period, there were several rain events which are worth-noting in 
terms of intensity and amount. It should be noted that this type of intense rainfall 
‘ 1 
i 
within a short period of time indicates that the rainfall can act as a powerful agent in 丨 
carrying sediment. The author had the personal experience of being one of the ‘ 
• 
number ofpeople washed away by a flash flood on the 22nd July, 1994 when the daily 
rainfall recorded at the nearest raingauge (Shatin Racecourse) was 225.3 mm (Table 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































To conclude, Fo Tan was chosen because it is a typical example of a Hong 
Kong or Southeast Asian sub-tropical urban catchment. It is characterised by high 
degree of urbanisation, steep slopes, high imperviousness and a mixed urban 
landscape. These provide a good opportunity for the study of urban sediments. The 
next chapter will concentrate on how the urban sediments were collected and the 




4.1 Rationale for the Research Method 
4.1.1 Introduction 
In view of the research done by other workers (Fletcher et al., 1978; Ellis, 
1979; Pratt, 1981; Ellis & Revitt，1982; Ellis & Harrop，1984; Bender & Terstriep， 
1984; Muschack, 1990; Shi, 1991; Butler, 1992), it can be observed that there is no 
standard methodology in studying urban sediment source and movement, which can 
range from sediment mobilisation caused by rainfall and traffic on road surfaces, to 
sediment transported to the receiving waters via gully pots, to the study of the effects 
of landuse on the nature of sediments produced. 
The previous chapters elaborated on the role of urban sediments in urban 
drainage systems and it is not difficult to see the importance of acquiring knowledge 
of the occurrence, transportation and deposition of such sediments. In this research, a 
modified conceptual model after Butler (1989) was constructed incorporating with the 
accumulation-removal concept of urban sediments in Fo Tan (Figure 4.1). In this 
model there are four major sites where the sediments may be trapped and/or deposited. 
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a m Exii 
Precipi tat ion 
T • 
Road surface erosion, 
t ra f t i cemiss ion . _ _ Pavedareas St ree tsweepmg 
c o n s t r u c t l o n ^ k , " ^ 一 ‘ 嶋 ~ " ^ M ^ andwash ing 
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dry fa l lout and litter 
d isposal 
Y T 
Surface runoff of the ^ ^ GuHy pots 、、 Gully pot cleaning 
road surface 
1 
Natural r iver f low and “ s to rm sewers ^ s to rm sewer cleaning 
heavy rainfall 、‘ 
L5G^NP 
——• Solid • • 
Receiving waters _ . Dredging of 
benthal sediment 
^ L iquid 
~ • • Human activit ies or events 
Figure 4.1 Model for input and output of urban sediment (Fo Tan). Modified from 
Butler (1989). 
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4.1.2 OperationaUsation of the concept 
hi this study, several concepts need to be defined before we proceed to the 
discussion of the methodology. 
a) Lnpervious area: a hard surface area that prevents or retards the entry of water 
into the soil, thus causing water to run off the surface in greater quantities and at an 
increased rate of flow. 
b) Urban runoff: the portion of precipitation that does not percolate into the 
ground or evaporate, but runs off the land into streams or other surface water bodies. 
c) Urban sediments: includes those materials derived from the urban setting, e.g. 
parental rock debris, litter, vegetation, urban soil and dusts. These materials, 
including organic and mineral, can be transported in suspension, mobilised by air, 
water or gravity. The urban sediments mainly fall into four categories. 
4.1.2.1 Street Surface Sediment 
Li a stable urban catchment the road surface should be the primary source for 
the input of sediments in the hydrological system (Geiger, 1986; CIRL\, 1990). 
Urban street surfaces have been identified as significant contributors and as a pathway 
for the transport of pollutants from adjacent areas (Sartor & Gaboury，1984). These 
include various sediments produced at the urban surface including organic debris, (e.g. 
excreta from animal)’ vegetation, dusts and inorganic sediment, (e.g. rock fragments 
and glass). Such sediments are then washed away by various means such as manual 
cleansing or rainfaU and transported to the gullies (Pratt & Adams，1984). This 
component is a major focus in this research. 
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4.1.2.2 Gully pot Sediment 
The guUy pot is placed along the roadside to act as inlet for rainwater to the 
storm sewerage system. With the use of a grated inlet the principal purpose of this is 
to remove solids transported by the runoff which may block the system. The 
cyHndrical structure is also used to store stormwater during the initial stage of rainfall 
to slow down the peak flow (Figure 4.2). 
la this study, the guUy pots studied are those in the industrial catchment only 
there being no gully pots in the residential catchment. 
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Figure 4.2 Diagram showing the structure of a gully pot. The water layer is used to trap of the ordour. 
Sowrce'. Pratt(1981). 
4.1.2.3 SeYier Sediment 
The sewer sediment is the sediment deposited along the storm sewer, t i the 
study by Kleijwejt (1990), the sludge deposits of the sewer system could be divided 
into three categories: Hght soUds (such as paper and fibrous material), sludge and sand 
in which sand was the dominant component. The finer sediments were carried to the 
receiving waters as suspended load. 
Owing to the difficulties in collecting such sediment (requiring the use of a 
vortex pump or manual entry), the sewer sediment was not included in this research. 
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4.1.2.4 Channel Deposits 
The channel deposits refer to the settled sediment in the receiving water of Fo 
Tan nullah in this study. The nullah serves both the natural and urbanised catchment. 
4.1.3 Studv Area— Fo Tan 
Fo Tan was designated as the study area in this research (refer to Figure 3.3). 
Two sub-areas (A & B) were chosen in this area to study the difference in terms of 
urban landuse types on street surface sediments. Li this study area, four depositional 
environments were studied: street surface (industrial and residential), guUy pots and 
the channel connected to the receiving water bodies. Detailed descriptions of these 
areas were included in the previous chapter. 
More emphasis will be placed on the street surface and guUy pot sediments as 
the channel deposits were collected as reference, the channel receiving more than just 
urban sediment as large components of the catchment were non-urban. 
4.2 Empirical Data and their Collection 
4.2.1 Sampling Sites 
The sampling sites of the road surface were chosen according to the specific 
nature of the transportation condition and the road surface. Since it was not possible 
to sample the street surface sediment over the whole section of the road, due mainly 
to the heavy traffic, only the sediment on the road gutters was collected. Nevertheless, 
it is also suspected that most of the road sediments accumulate along the road gutters. 
This was confirmed by the study of Grottker (1987) of the road dust in Germany, 
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where it was found that 95.85% of the total solids across the whole lane could be 
found within the first 0.5 m from the road gutter to the centre line. Similar results 
were found by Novotny et al (1981) who also found that about 80% of the total solids 
could be found within the width of 0.15 m and 95% within one metre width. 
Therefore, for each sampling site on the. street surface, a strip of 2.5 m has been 
identified for observation with a width of 0.5 m giving an area of the sampling site 
1.25 m l 
The boundaries for the sampling sites were marked on the road with yellow 
paint. The centre part of each site was a grated inlet which was connected to the 
storm sewerage system. This was done in order to have a more accurate estimation of 
the characteristics of the sediments on the street surface and directly below in the 
gully pots. Detailed particulars for each sample site are included in Table 3.4. 
For the gully pot sediments, only sites 1，4 and 5 were investigated as the 
remainder did not have gully pots beneath the inlet of the gutters. The channel 
deposits were collected at the location indicated in Figure 3.4 to represent the 
background condition of the receiving waters. 
4.2.2 Sample Collection 
All samples were collected between July and November, 1994, on a monthly 
basis. The frequent alteration of the road surface by human activities and traffic made 
the study of accumulation difficult as the accumulation-removal pattern can take place 
within 12 to 14 hours (Grottker, 1987). Therefore, if a meaningful analysis of the 
sediment accumulation by quantity was to be achieved, a much shorter time period 
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should have been used. However, the main focus of this research is to understand the 
characteristics of the urban sediments rather than their accumulation characteristics. 
The sampling frame, from mid-summer to late Autumn, provided sufficient 
climatic contrasts to account for any successful differences in sediment characteristics. 
This period included times when much rainfall was expected (July and August) as 
well as the drier season (September to November). 
4.2.2.1 Street Surface Sediments 
The road surface sediments were collected by one pass of manual sweeping 
with a 4-inch hair brush followed by one pass with a portable vacuum cleaner. Fine 
particles retained in the vacuum cleaner were carefully removed by the use of a 1-inch 
hair brush. All the sediments collected were placed in a sealable plastic bag and 
labelled. These methods are based on the work of Hamilton et al. (1984) and Butler et 
al (1992). 
4.2.2.2 Gully pot Sediments 
The collection of the sediments in the gully pot involved the lifting of the cast 
iron grated inlet. A spoon-like sediment grabber was used to collect the deposits in 
the gullypots. This type of sediment grabber is usually used to remove the sludge/ 
sediment which blocks the gully pots. The collection method is different from those 
done by Ellis & Harrop (1984) and Ward (1990) who use a serious of nylon sieves 
with the mesh size ranging between 63-225 [im and 250 i^m respectively. This 
method was not used because of the problems of vandalism and disturbance by 
various human activities. Also, in a sub-tropical region like Hong Kong, where 
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rainfall of more than 100 mm/hour is possible (see Chapter EI), it is very likely that 
these sieves will be clogged by the large amount of sediment laden water. Moreover, 
the method used by Pratt & Adams (1984) was also not adopted as the use of a gully 
pot emptying machine was not available. 
4.2.2.3 Channel Deposits 
Channel deposits were collected along the main channel and from a stilling 
well location which was used for stream gauging before it was abandoned by the 
Hong Kong Government Environmental Protection Department (E.P.D.) (Plate 3.1). 
The main channel deposit was randomly collected by using a shovel to remove a bulk 
sediment sample along a 1-metre longitudinal section of the channel. The sediment 
was then put in a sealable plastic bag and labelled. Li this study, the samples of these 
two sites were used to check the variation between the main channel and the stilling 
well with the other depositional environments mentioned in Chapter III. 
4.2.3 Sample treatment 
All sediment samples were weighed and were then oven-dried at 105 °C for 24 
hours. For the street surface sediments, the moisture content was obtained by 
measuring the weight loss as water vapour before and after the oven-drying process. 
Subsequent analyses included particle sizing and determination of the volatile solids 
content. 
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4.3 Analyses of Samples 
4.3.1 Particle size distribution 
Particle size is a fundamental property of sediments that casts light on their 
history and origins. It is important because the dynamic conditions of transport and 
deposition of the constituent particles of rocks can usually be inferred from their size 
(McCave & Syvitsi，1991) as their size is related to the force necessary to move the 
particle (Statham, 1977). Although there is not a consensus on the working definition 
of particle size, the knowledge of the size fractionation is essential in the study of 
urban sediment, in terms of physical characteristics as weU as the chemical properties, 
e.g. adsorption capacity (UNESCO, 1983; Lindholm，1987). 
It should be noted that particle size analysis in the study of sediment is 
strongly linked to the knowledge of the hydrodynamic characteristic downstream and 
also the aerodynamic characteristic on the street surface. Jn the study of sewer 
sediment，Chebbo (1990) found that there was a lack of particles of 100 and 250 M-m 
in the sewer sediment. Concerning the mobilisation of sediment by vehicles. Hall 
(1981) estimated that a four-wheel drive vehicle travelling a 60 km h'^  along a dirt 
road containing 12 % silt wiU raise 3.7 kg km'^  of dust, and that the amount of dust 
increases with the vehicle speed and the content of silt (cited in Pye, 1994). 
The organic pollution related to particle size was also studied. The volatile 
solid and organic matter in the urban sediments appear to show preference for the 
lower sized particle ranges, of below 60 ^un (Ellis, 1979). For the analysis of the 
particle size in this research, dry sieving was used to investigate the physical 
properties of sediment. 
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4.3.1.1 Dry sieving analysis 
The use of dry sieving is suitable for those samples generaUy of large-sized 
particle (e.g. sand). Griffiths (1967) considered that pipetting was unsatisfactory for 
analysing sedimentary particles coarser than 50 )^011 diameter, t i this research, all the 
samples were dry sieved using a half-phi (中） s c a l e from 63 |im to 5600 i^m. About 50 
to 100 gram of each sample was used for dry sieving. The Wentworth standard sieves 
were used and the sample was then put in the mechanical shaker for 15 minutes. The 
sediments retained in each sieves were then collected and weighed. The use of phi (中） 
mean is preferred than phi (¢) median because it uses more of the available 
information (i.e. more reference points), and it is generally a more sensitive and 
important measure (Brigg, 1977). Phi (中） s o r t i n g was used to determine the spreading 
of the sediment, as it is related directly to the ability of the transporting agent to 
segregate the load. The shape of the distribution can be seen also from the skewness 
and the kurtosis of the sediments. 
4.3.2 Volatile solids 
The volatile organic matter of each sample in each particle size was 
determined by using the loss-on-ignition method (2540 G. in APHA, 1989). Pre-
weighed samples of each particle size were ignited in a fumace adjusted to 550 °C for 
one hour，during which time the volatile solid was vaporised. On cooling, the sample 
was put into dessicator and re-weighed. The total mass of the volatile component of 
each particle size was determined and presented as a percentage (%) of the total 
weight for each particle size. It should be noted that the loss-on-ignition method does 
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not distinguish precisely between inorganic and organic because it may include losses 
due to decomposition or volatilisation of some mineral salts (APHA, 1989). 
The WaUcey-Black method, which is a more accurate in determining organic 
carbon in soil studies (Anderson & Ingram，1989)，was not used because of several 
reasons. First, in this study, the treated sediment samples were then used for surface 
feature observation with a SEM. Therefore, the use of other chemicals (e.g. conc. 
sulphuric acid and Potassium dichromate) are not preferable as there may be some 
form of chemical reaction with the grain surface of the sediment, e.g. etching. 
Second, the ignition method is more frequently adopted by those undertaking urban 
sediment studies (Ellis & Harrop，1984; Butler et aL, 1992). The consistency of this 
method enables a valid comparison with other results. 
4.3.3 Surface characteristics of sediment grains 
The grain surface characteristics can be viewed as an extension of grain 
roughness and determines the grain to grain friction (Stratham, 1977). Moreover, the 
microtextural analysis of sand grain surfaces has long been regarded as an important 
indicator of the environment through which a sediment has passed (Marsland & 
Woodruff, 1937; Bond, 1954). t i this respect. Bull (1981) provides a very detailed 
description on the use of SEM and different materials observed for the studies of 
environmental reconstruction. 
4.3.3.1 The use ofScanning Electron Microscope (SEM) 
The grain specimen is usually coated with a heavy metal or with carbon to 
make it more conductive. The specimen is then bombarded with electrons from a 
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tungsten filament and the emitted electrons or "secondary electrons，，are then collected 
by a detector and used to produce a point of light on a television screen, using a 
cathode ray tube (CRT). A raster scan of the image is thus formed and the 
magnification of observation can be adjusted by altering the ratio of the area of the 
specimen scanned to the area of the television screen. The magnification usually 
ranges from 10 times to 100,000 times depending on the model used (Krinsley & 
Doomkamp, 1973). The ability to generate a three-dimensional image produces 
detailed information of the grain surface characteristics for further observation. 
4.3.3.2 Preparation ofsamples 
The preparation of samples follows that of Krinsley and Doomkamp (1973) in 
their Atlas of Quartz Sand Surface Textures, t i this study, quartz grains were chosen 
randomly from each depositional environment. Those between 180-355 ^m in size 
were chosen for observation as they more likely highlight well-known surface features 
(Krinsley & McCoy, 1977). Larger or smaller grains than these bias towards chemical 
or mechanical features (Krischev & Georgiev，1981; Margolis & Krinsley，1973). 
Twenty grains were observed from each depositional environment and were 
preselected using a binocular microscope and petrologic microscope to differentiate 
quartz from glass by noticing the presence of birefringence effect under crossed polars 
whereas it is isotropic for quartz (McCrone & DeUy，1973). Although tigersoll 
(1974) and Cater (1984) commented that thirty grains should ideally be used，the 
number of grains used in this study was justified by Tovey & Wong (1978) as it is 
statistically significant for this type of study. Other suggestions included 25 grains by 
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Georgiev & Stoffers (1980), 20 grains by Baker (1976) and 15-20 grains by Krinsley 
&Doornkamp(197:3). 
It is suggested that the use of concentrated hydrochloric acid can remove the 
organic matters on the surface of the grain which may interfere the observation 
(Krinsley & DoornKamp，1973; Cater, 1984). Three tests were tried to determine the 
best treatment for SEM observation. 
(a) Boiling the sample with concentrated HCL for 15-20 minutes and then rinsing 
with distilled water; 
(b) Rinse with distilled water only 
(c) Observe under the SEM without any treatment 
The trial observation showed that the first method (i.e. treated with conc. 
HCL) produced the best image results and was adopted in this study. The JEOL JSM 
T330A SEM model was used throughout the study to ensure consistent observations 
and image quality. Gold coating for 90 seconds was used for its greater conductivity 
and higher image resolution. The samples were then mounted on a SEM aluminium 
stub by means of double-adhesive tape and examined in the secondary electron mode 
with an accelerating voltage of 15 kV, a working distance of 37 mm and a tilt angle of 
30°. Quartz grains were studied at a magnification range of 15 times to 5000 times 
though it can go up to 7000 times for individual features, it is commonly used at 1000 
times. 
A list of 12 particle surface features concerning the grain surface (Table 4.1) 
was compiled with appropriate features mainly taken from: Krinsley & Doornkamp 
(1973) and Bull (1978). They are divided into mechanically formed features (Feature 
no. 1-7) and chemically formed features (Feature 8-12). During observation, the 
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feature of scaling was noted. This surface disintegration is distinctive in suggesting a 
high-energy environment. 
Table 4.1 Surface features observed under the SEM and possible dominant processes. 
Feature number Features observed under SEM MechanicalAZhemical Processes 
1 mechanical V-pits Mechanical 
2 conchoidal fracture Mechanical 
3 mechanical upturned plate Mechanical 
4 roundness Mechanical 
5 straight grooves/striations Mechanical 
6 cleavage plane Mechanical 
7 angularity Mechanical 
8 silica deposition Chemical 
9 precipitated upturned plate Chemical 
10 irregular solution-precipitation Chemical 
11 etching Chemical 
1 2 crystal growth Chemical 
4.3.4 Data analysis and presentation 
The particle size distribution of the sediments of each set of samples was 
presented as a sediment grading curve. The proportion of the particle size was 
expressed in percentage (%) of the total mass of each sample. Following this, linear 
regression was undertaken to see the relationship between the sediment loading with 
the slope factor. In addition, ANOVA was used to test whether there was a significant 
difference between different depositional environment in terms of the particle size. 
From the curve, skewness, kurtosis, sorting and the median size were also calculated 
and bivariate scattergrams were plotted to note any patterns amongst the parameters 
used. 
For the volatile organic content, the amount of volatile solids is used to 
estimate the volatile organics and pollutants. The weight loss due to ignition was 
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expressed in terms of percentage (%) of the original weight of the sediment in each 
particle size of that sample. Moreover, the relationship between the particle size and 
the volatile organic content was analysed with the use of correlation and graphs. 
The images of the SEM were analysed according to the surface features of the 
grains. Simple statistics of frequency charts were used to suggest possible 
mechanisms involved in the depositional environment. It should be noted that the use 
of SEM should not be regarded as the sole means of identifying the transportational 
and depositional environments of the grains, partly because there are no standard 
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methods on the analysis which may affect the results and interpretation. It should be 
treated as a supplement to other conventional methods, e.g. particle sizing and field 
observation. 
4.4 Conclusion 
This method chapter aimed at providing some basic information to familiarise 
the reader with the analyses that were adopted in this study. The following chapters 
will include the analyses and results of the particle sizing of the urban sediment, 




PHYSICAL CHARACTERISTICS OF URBAN SEDIMENTS 
5.1 Introduction 
The analysis of the particle size of sediments in urban environments is of great 
importance in the evaluation of existing and potential pollution sources and routes. Li 
addition, it helps in the understanding of the physical processes of transportation and 
deposition of the sediments. It is important as “the sediment transport problems are 
usually associated with the pollution of water by sediment from either or both the 
aesthetic or physical utilisation viewpoints" (Guy, 1970). Jn this chapter, factors that 
affect the sediment accumulation at different street surface sampling sites, such as 
traffic and slope, will be discussed. This analysis of particle size is mainly concerned 
with the particle size distribution of the sediments collected from four depositional 
environments, namely, street surfaces (industrial and residential), gully pot and 
channel. 
To briefly reiterate the sampling methods, street surface sediments were 
collected monthly at five sites in the industrial sub-catchment and at four sites in the 
residential sub-catchment during July to October, 1994. The samples collected at 
these sites were then examined for particle size, volatile organics and the surface 
features were also studied with the use of scanning electron microscope (SEM). 
For the relationships between sediment characteristics and the processes of 
transport to be of value in interpreting deposits, it is necessary to refer to a number of 
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reliable sediment properties which are used in description and comparison (Statham, 
1977). The attributes of particle size and grain surface characteristics were chosen in 
this research to infer such sediment characteristics. The use of particle size is 
important in its ability to identify population and individual grain characteristics and 
the dynamic and static characteristics. In addition, mean grain size is fundamental 
property in deducing power and transport relationships (Statham, 1977). 
5.2 Results 
5.2.1 Composition of the street surface sediments 
Once the sediment samples had been collected and dried, large non-particulate 
matter, e.g. waste paper and cigarette ends were separated and weighed using the 
simple visual classification adopted by Butler et al., (1992). The sorted samples were 
then sieved. The sieved sub-samples were then logged and any particular features or 
materials present were noted down for reference. The abundance of the types of 
material found was also included. The general pattem of the composition for street 
surface sediments are presented in Table 5.1. 
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Table 5.1 Characteristics of the street sediments at different particle size under light microscope. 
Particles trapped Characteristics 
at sieve sizes (\im) 
>2800 most common: granite, quartz and mica fragments, cigarette ends, 
vegetation (e.g. twig, leaves or leaf fragments), bituminous 
aggregates, cement fragments and plastics (in pieces or in beads) 
alsofound: broken glass, bamboo fibre and litter 
2000 most common: granite, quartz, vegetation and cement fragments 
also found: waste paper, plastics，fabric fibres, mica fragments and 
brick fragments 
1400 most common: granite, quartz, leaves 
also found: metal pieces, brick, broken glass, mica, fabric fibres, 
black coloured rubber (from tyres) and some quartz embedded by 
bitumen 
1000 most common: quartz, vegetation fibres 
also found: rubber tyres, metal and brick materials, fabric fibres 
710 most common: rubber, quartz, glassy beads 
alsofound: fabric fibres, metal powder and vegetation 
500 most common: rubber, quartz and feldspar, glassy beads 
alsofound: fabric/ vegetation fibres and metal pieces 
355 most common: rubber, quartz, glassy beads and vegetation fibres 
alsofound: feldspar, small metal pieces 
250 most common: rubber, quartz, glassy beads and vegetation fibres 
also found: feldspar, metal powders and brick materials 
180 most common: rubber, metal powder and glassy beads 
alsofound: minor quantity of quartz and vegetation fibres 
125 most common: rubber (many), quartz, glassy beads and metal 
powder 
also found: very fine vegetation fibres 
90 most common: quartz, rubber, glassy beads and vegetation fibres 
alsofound: metal powder . 
63 most common: rubber and quartz 
also found: metal powder 
<63 most common: clay, silt 
also found: metal powder 
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In general, the most common materials found in the street surface sediments 
were rubber, asphalt/bituminous aggregates, quartz, iron dusts and other non-
particulate matter. It can be noticed that the metal powder and the rubber tyre 
fragments dominate the finer parts of the sediment (<125 i^m). Rubber particles are 
almost entirely generated by automotive sources (Schultz, 1994). On the other hand, 
there are some bituminous material in the larger particle size ranges (>2000 ^m). Li 
Muschack (1990)'s study, the road cover abrasion particles varied according to the 
materials used, e.g. tar or concrete. 
The source of traffic related sediments dominant in the street surface 
sediments can be related to the following activities: 
a) Rubber (tyre-abrasion particle) - originates from fragments of rubber tyres. 
These tyre abrasion particles may also have some other organic materials, used mainly 
as tyre additives which contain soot and heavy metals (Muschack, 1990). There is an 
abundance of these materials within the size ranges from 63-710pn in this study. 
b) Iron dusts - originate from brake linings. Muschack (1990) found that the 
brake abrasion dust emissions contain large amounts of iron. The source of these may 
come from traffic or the motor garages nearby (site 5 & 6). Jn Fo Tan, there are a 
number of vehicle repair places and also iron work places. The iron dusts are mainly 
distributed around the size ranges of 125-180^m. 
c) Abrasion particles from roads/streets - originate from the road surface which 
depends on the materials used for paving roads. Ellis & Revitt (1982) found that 
concrete surfaces have less wear action and have less coarser sized sediment than 
asphalt roads. And as asphalt surfaces exhibit varying degrees of wear, these provide 
considerable amounts of coarse materials. In this study, bituminous aggregates, 
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concrete and bricks fragments are observed visually within the size ranges greater than 
1000 ^ im. 
d) Gravels - Although these are not abundant as those above, the appearance of 
gravels may be affected by the local geology or construction activities. Given the 
virtual 100 % impermeable coverage in this urban area, it is most likely that they are 
construction debris. These gravels are usually granitic and greater than 1400 ^m. 
Such are commonly used as sub-base for road paving. 
It was observed that the non-particulate matter in most of the samples was of 
insignificant weight. This may be due to the efficiency of andA)r conscious targeting 
of such sediments by manual sweeping, whereas other derived sediments from the 
road surface are ignored. 
5.2.2 Street surface sediment loading 
The loading rate can be obtained by dividing the sediment load by the area of 
the sampling sites. The results of the loading rates for individual sampling sites at 
different sampling periods are given in Table 5.2. The manual sweeping practice was 
carried out twice a day by the contractors under the guidelines given by the Regional 
Council (Fung, 1996，personal communication). Therefore, the loads collected, to a 
certain extent, may only indicate the sediment accumulated for half day before 
sweeping. Nevertheless, it is valuable to note the difference in these sampling sites in 
terms of different sampling periods. Also, it should be noted that manual sweeping is 
more efficient in removing coarser materials than those finer than 2 mm. The 
collection of the sediment near the kerb is sufficient as it acts as a protective barrier 
































































































































































































































































































































































































































































































































































































































































































































































































Nevertheless, it is still useful to use the data from the sediment collected to estimate 
the sediment loading rate. 
From the table, the weight of the street surface sediments collected varies 
considerably with sampling sites (i.e. industrial and residential) and sampling periods 
(i.e. July to October). The mean sediment loading can be as low as 19.86 g or as high 
as 244.99 g on the sampling sites. Li the study of surface sediment in London urban 
catchment, Butler et al (1992) found that the sediment load collected in the first 
sampling period was higher than the second and the third sample periods at a monthly 
interval. Also, the declining of the sediment accumulation was noted by Sartor & 
Gaboury (1984). However, such a pattern is not observed in the study of Fo Tan area. 
In addition, the lack of evidence of the sediment accumulation-removal pattern 
may be due to the following reasons. First of all, Grottker (1987) argues that the rate 
of accumulation may take place within a very short period of time (which may be less 
than 24 hours). Also, the loading was found to increase more rapidly immediately 
when it was cleaned (Pitt, 1979). Therefore, the sampling period (one month) in this 
study may be far too long to determine the actual accumulation cycle and at which 
point equilibrium is reached. In this respect, the impact of sweeping practices in 
affecting the accumulation is minimised when the sediment is accumulated within 
such a short time. 
Secondly, the deposition pattern may not be linear. As suggested by Sartor 
and Gaboury (1984) and Grottker (1987), an exponential curve with intermittent 
drops of removal caused by rain events or street cleaning activities may be more 
appropriate to describe the pattern of sediment accumulation over time. 
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Li this research，such a high variability in sediment accumulation may also be 
due to the following factors. 
a) Traffic - The traffic volume passing through the study area ranges from 16,420 
(residential) to 27,140 (industrial) vehicles per day (Transport Department, 1995). The 
traffic volume is so large that it may affect the sediment accumulation in: 
(i) Sediment production. Traffic is a very effective particle source in both fine 
and coarse mode, either from the fuel combustion or mechanical abrasion with the 
road surface and the rubber tyres. (Schultz, 1994); 
(ii) Traffic gust or wind. This is generated as the vehicles pass through. Such 
force is more evident near the kerb which will also affect the redistribution of the 
particle size and sorting of the sediment along the road surface. Some of the studies 
are concentrated on the urban canyon which also included the factor vehicle velocity 
in their models. Bagnold (1941) suggested three modes of transport of sediment by 
wind depending on the grain size (cited in Pye, 1994). 
• Suspension for very fine particles (<60-70 ^ m) 
• Saltation with a series of bounces for relatively larger particles ( 60-1000 jLun) 
• Surface creep for large or less exposed particles ( >500 |Lim) 
b) Human Impact - It is always busy on the roads of Hong Kong, the traffic as 
well as the people. Jn Fo Tan, there are several major human activities which may 
influence the accumulation of the sediment. 
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(i) Street'Cleaning practice. In Fo Tan, the street surfaces are being swept 
once to twice daily using bamboo brooms. This most seriously affects the accurate 
measurement of the sediment loading over time. 
(ii) Economic activities. The economic activities may affect the sediment load 
in two major ways, either in sediment yield or in sediment relocation/redistribution. 
In the study area ofFo Tan, there are some cooked-food stalls nearby which contribute 
fat, grease and other garbage. When these materials are not dispose of properly it 
would affect the amount of sediment yield of the sites nearby. 
Along the road (Shan Mei Street) near sites 5 and 6，there are two automobile 
repair shops. These may contribute fine sediments during repair and welding. Found 
in these particular samples was a small amount of iron dust, especially in the finer 
portion. 
(iii) Construction works. The rejuvenation of the urban setting in Hong Kong 
is so dynamic and rapid that many land surfaces are being changed and modified. The 
road surface is regularly being dug up for the purpose of repairing the road due to the 
excessive heavy traffic volume, and paving for other facilities like electricity, town 
gas and drainage networks (Plate 3.9). 
ln addition, the landuse pattem of the area may change quite often. For 
example, an old building may be demolished to an open space which is then used as a 
car park and at a later date changed to a business building. There maybe also be new 
construction works on the urban fringe. All such disturbances contribute additional 
sediment which will affect the sediment load at different sampling periods and 
sampling sites. 
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(iv) Littering. This refers to the littering behaviour of the pedestrians. As there 
are many people passing through the district. These people may also contribute the 
sediments as garbage or waste along the road surface as they litter. 
c) Rainfall- It is important to understand the relationship between rainfall and 
sweeping practice. The rainfall pattern not only affects the removal and redistribution 
of the sediment but also the effectiveness of the sweeping practice. 
If the average time between rainfall events is much less than the sweeping 
interval, much of the street contaminants would routinely be washed away by the rain 
and the street sweepers would become relatively ineffective (Sartor & Gaboury， 
1984). To be effective (i.e. 30% removal), the sweeping interval must be at most two 
times the interstorm period. At higher removals (>50%)，sweeping intervals of about 
half to one time the interstorm period is required. 
In Hong Kong, from Table 3.3，the time between storms is 5.1 days. So, given 
the existing sweeping frequency is twice per day，the ratio of time between sweepings 
and mean time between storms is about 0.39. From the analysis done by Sartor & 
Gaboury (1984), it may assumed that the efficiency of removing pollutants and 
sediments in Hong Kong is quite high (about 75 %) (Figure 5.1). 
All these suggestions are made because of the intense human interference on 
the road surface in the urban setting in Hong Kong. It should be stressed that this high 
variability in terms of urban landscape and geomorphology is an emerging pattern 
typical of the urbanising cities in the south-east Asian where the population density 
and climatic conditions are very similar to the case of Hong Kong. Therefore, the 
factors suggested here can serve as a reference to other Asian cities. 
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Figure 5.1 Simplified statistical assessment of street surface pollution removal (after 
Sartor & Gaboury, 1984) 
•. 
85 
5.2.3 Loading rate with slope factor 
Jn order to establish whether there is a difference in sediment accumulation at 
different slope angles, a regression analysis on the slope of the sampling sites and the 
weight of the sediment collected was undertaken. 
In general, it is found that there is significant relationship (r^= 0.25) between 
the overall slope factor with the loading rate at the significance F of 0.02. Therefore, 
the slope factor may affect the accumulation of the road surface sediment. 
However, there may be other factors controlling the accumulation of the 
sediments. The variability of the amount of sediment collected, as mentioned before, 
is very high and is affected by human factors and climatic factors. Relative speaking, 
the factor of slope is significant in affecting the sediment accumulation but only 
explains about 25% of the variability. Li this case, the difference in the slope factor 
does not serve as an important factor causing the difference in the sediment 
accumulation in the comparison of the two landuse patterns. 
5.2.4 Street sediment loads in different landuse areas 
Li spatial context, the mean loading rates in industrial and residential areas are 
， 9 
similar, with 85.02 gm" and 81.69 gm" respectively. Nevertheless, this masks 
considerable variability between sampling sites within the residential areas, e.g. from 
15.89 gm'2 to 195.99 gm'^ . This loading rate, when compared to the other studies, 
however，is not exceptionally high (Table 5.3). Rather, it is relatively lower than most 
others. This may due to the frequent sweeping practice in the study area and other 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5.2.5 Particle size distribution of the sediments 
The grain size distribution curve gives a considerable amount of information 
about the sediment and the processes of transportation (Statham, 1977). The mean 
size is important for deducing the power/transport relationships, whereas other 
information like the sorting, which is related to the ability of the transporting agent to 
segregate its load according to size, and peakedness can be obtained together with 
other particle sizing information. 
5.2.5.1 Particle sizing for different sites in the same environment 
There are no significant variations in particle size distribution amongst the 
sampling sites in the same environment. As can be seen from Figure 5.2, the only site 
variation for the residential area is at the large particle size (about 5600 i^m). A 
similar trend can be found in street surface sediments in the industrial area. Thus, the 
mean size distribution is representative of the environment being studied. 
5 ¾ A ^ ^ ^ ^ ^ ^ ^ ^ ^ | + MeanR9 
.c 8.\ / y / >X "A"MeanR10 
0 6 “ \ y . / ^ " " ^ ^ i v - ^ M e a n R14 
° ^ ' ^ = ^ t ^ ^ ^ - ^ ^ ^ ^ ^ ' 
0 \ T^  1 1 1 1 1 1 1 1 1 ! 1 1~^ ^^  
0 Q 0 0 0 0 0 Q \ 0 0 0 i n 0 CO CO 
3 8 S 8 § 8 厂 S 浜 S ® 二 <^ 边 兮 
U1 T f CM CM ^ » -
A 
Par t i c le s ize (um) 
Figure 5.2 Particle size distribution among sampling sites in residential area. 
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5.2.5.2 Particle size distribution for different sampling dates 
There is no great difference between the sampling dates and the particle size 
distribution for the street sediments (Figure 5.3). This is probably because the 
accumulation of the sediment reaches an equilibrium within very short time. The 
production of sediment over time therefore appears to be quite consistent, implying 
constant sediment sources and constant rate of supply. 
Variation in particle sizing at different sampling dates 
16j 
I :!^^^;^^:5^5^^^^^^^^^^^^^^^^^^^S^ 一乂一舉 
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8 0 0 0 0 0 0 0 lO 0 0 Ui 0 CO CO 0 0 0 0 0 t- 0 lO U) 00 CM 0> CO <o (0 o 00 o 寸 o 卜 xn m CM i - r- v Ui 寸 CM CM T- 1-A 
Partide size (um) 
Figure 5.3 Particle size distribution of the street surface sediment (industrial & 
residential) on different sampling dates. 
5.2.5.3 Particle size distribution in different environments 
The particle size distributions for different environments (in i^m) are plotted in 
Figure 5.4. Notice the concentration of more fines in industrial and residential street 
surface sediments (180-260 [im) whereas the channel sediments concentrated at the 
coarser end (1400-2800 i^m) with the gully pot deposits being intermediate at around 
the 500-1000 ^ im. 
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Figure 5.4 Particle size distribution from different environments. 
The above data can also be expressed as cumulative curves which enhances the 
apparent differences in these environments. For these curves, the phi scale (¢) method 
was adopted and is shown in Figure 5.5. The use of phi (¢) scale is a logarithmic 
transformation of the size in millimetres which normalises the data to facilitate 
statistical analysis. It can be expressed by the formula: 
<t> = - log2 d where d is the diameter of the particle in millimetres 
SEDIMENT GRADING CURVES 
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Figure 5.5 Sediment grading curves (in 伞）for different environments. 
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5.2.5.4 Phi Studv 
From the individual cumulative curves for particle size distribution, the mean, 
skewness, sorting and kurtosis were determined by the graphical method. The data 
are included in Table 5.4. 
Table 5.4 Sampling sites with ^  mean, skewness, sorting and kurtosis. 
Site |Date |PhiMean |Phi Median |Phi Skewness Phi Sorting Phi Kurtosis 
Industrial 
1 1/7/94 1.31 1.4 -0.21 1.6 1.09 
3 \nm 1.55 1.6 -0.09 1.48 1.04 
4 in/94 1.4 1.75 -0.5 2.4 1.3 
5 \nm 1.17 1.2 -0.08 1.64 0.98 
1 1/8/94 1.08 1.15 -0.17 1.9 1.05 
4 1/8/94 0.41 0.53 -0.16 2.43 0.81 
1 9/9/94 0.83 0.9 -0.2 1.98 1.02 
3 9/9/94 1.75 1.75 -0.15 1.28 1.32 
6 9/9/94 0.94 1.07 -0.22 2.03 1.09 
1 7/10/94 1.36 1.5 -0.28 1.68 1.08 
4 7/10/94 1.49 1.57 -0.23 1.76 1.09 
5 7/10/94 1.22 1.25 -0.2 1.68 1.11 
Residential 
9 9/9/94 1.48 1.55 -0.39 1.9 1.31 
10 9/9/94 1.35 1.5 -0.43 1.89 1.37 
9 7/10/94 1.95 2 -0.31 1.31 1.39 
14 7/10/94 1.35 1.4 -0.41 2.96 1.13 
Gully pot 
gpl 16/11/94 0.02 0.17 -0.17 1.93 1.04 
gp4 16/11/94 0.97 0.97 -0.05 1.29 1.13 
gp5 19/11/94 -0.45 -0.45 0.1 2.39 0.8 
Channel 
channel 27/6/94 -0.15 -0.12 -0.04 1.11 1 
still well 27/6/94 -0.45 -0.42 -0.02 1.6 1.11 
channel 14/7/94 -0.98 -1 0.14 1.11 0.94 
channel 29/7/94 -0.68 -0.7 0.14 1.33 0.94 
still well 29A7/94 |-0.96 |-1.02 |o.21 [] |o£2 
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a) Phi Mean (中 mean). Commonly referred as the mean, this is a measure of the 
average grain size. The 中 means for each depositional environments are included in 
Table 5.5. 
Table 5.5 Phi mean for the particle size in different environments. 
Environments 伞 mean ranges 
Industrial street surface 0.41 ~ 1.75^ 
Residential street surface 1.35 �1.95中 
Gully pot -0.45 �0.97$ 
Channel -0.96~-0.15伞 
ANOVA was then used to test whether there is a difference between the four 
depositional environments. The F-value obtained (F= 32.4826) from the ANOVA, as 
shown in Table 5.6, is far greater than the critical F-value. Therefore, there is a 
significant difference between the four depositional environments which further 
substantiate the results from graphical methods. Homogeneous subsets are identified 
and presented according to the Duncan test with significance level at 0.05. Similar 
groupings were found for the phi median (D50). 
Table 5.6 Homogeneous subsets for particle size analysis (Phi mean). 
Environments Mean (¢) 
Street surface sediments (industrial) ^  1.21 (0.36) 
Street surface sediments (residential) ^  1.53 (0.29) 
Gully pot deposits ^  0.18 (0.72) 
Channel deposits ‘ -0.64 (0.91) 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
It can be seen that for street surfaces (residential and residential), much of the 
sediment are found mainly at the finer portion (around 125-355 ^m). The gully pot 
sediment has a platykurtic curve with particle size mainly in 355-710 \im. On the 
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other hand，the channel deposits are distributed mostly at the coarser fraction with 
710-2800 ^ im particle size classes. 
b) Phi Sorting. Sorting is a measure of dispersion, i.e. the standard deviation of a 
curve, and is related directly to the ability of the transporting agent to segregate its 
load according to particle size (Brigg, 1977). 
Table 5.7 Phi sorting for the particle size in different environment and descriptions. 
Environment 伞 Sorting Verbal descriptions 
Industrial street surface 1.28 ~ 2.43 Poorly sorted to very poorly sorted 
Residential street surface 1.31 ~ 2.96 Poorly sorted to very poorly sorted 
Gully pot 1.29 ~ 2.39 Poorly sorted to very poorly sorted 
Channel 1 � 1 . 6 Poorly sorted 
It can be concluded that, from Table 5.7, the sediments collected in these 
environments are poorly sorted. This may be due to the heterogeneity of the source of 
sediment and in addition to that, there is no single factor which dominates in the 
sediment transportation and deposition (non-point source). The ANOVA analysis 
shows (Table 5.8) that there is a significant difference in sorting value of the 
sediments between the group of street surface sediments (industrial & residential) and 
gully pot deposits with channel deposits. 
Table 5.8 Homogeneous subsets for Phi sorting analysis. 
Environments Sorting (¢) 
Street surface sediments (industrial) ^  1.82 (0.35) 
Street surface sediments (residential) ^  2.02 (0.69) 
Gully pot deposits ^  1.87 (0.55) 
Channel deposits ^  1.23 (0.24) 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
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c) Phi Skewness. This is a measure of the non-normality or asymmetry of a 
particle size distribution. Positive skewness represents a fine tail to the distribution, 
negative skewness a coarse tail (Brigg, 1977). 
Table 5.9 Phi skewness for the particle size in different environments and description. 
Environment (j> Skewness Descriptions 
Industrial street surface -0.28 ~ -0.08 Symmetrical to negatively skewed 
Residential street surface -0.43 �-0.31 very negatively skewed 
Gully pot -0.17 ~ -0.1 negatively skewed to symmetrical 
Channel -0.21 �-0.04 symmetrical to positively skewed 
All four environments, except the residential street surface, show more or less 
symmetrical particle size distributions (Table 5.9). The very negatively skewed nature 
for the residential street sediment means that the particle size of most of the sediment 
is fine with a long tail extending through the coarse fraction. 
Table 5.10 Homogeneous subsets for skewness analysis. 
Environments Skewness (¢) 
Street surface sediments (industrial) ^  -0.21 (0.11) 
Street surface sediments (residential) ^  -0.39 (0.53) 
Gully pot deposits ‘ -0.04 (0.14) 
Channel deposits ‘ 0.09(0.11) 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
In terms of skewness, there is significant difference between the group of 
industrial, residential and the group gully pot and channel deposits (Table 5.10). 
Therefore, both the gully pot and channel deposits show a shift towards the coarse 
fraction. The high proportion of fine sediment in the residential street sediment may 
due to the slope factor which sorts out coarser particles. 
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d) Phi Kurtosis. This is a measure of the peakedness of the size distribution 
(Brigg, 1977), which is the ratio between the sorting in the tails of the distribution and 
the sorting in the central portion of the distribution, lf the central portion is better 
sorted than the tails, i.e. well-sorted, the frequency curve is said to be excessively 
peaked or leptokurtic. If the tails are better sorted than the central portion, i.e., poorly 
sorted，the curve is said to be platykurtic (Lindholm, 1987). 
Table 5.11 Phi kurtosis for the particle size in different environments and description. 
Environment 中 Kurtosis Descriptions 
Industrial street surface 0.81 ~ 1.32 Platykurtic to leptokurtic 
Residential street surface 1.13 �1.39 Leptokurtic 
Gully pot 0.8 ~ 1.13 Platykurtic to mesokurtic 
Channel 0.92�1.11 Mesokurtic 
Jn accordance to skewness (Table 5.11), the residential sediments show 
leptokurtic distribution as the peak of the curve appears at the fine particle size. The 
peakedness is not obvious for the sediments in industrial street surface and the gully 
pot. The channel deposits lie between these two distributions. Such patterns can be 
verified in the results of the ANOVA. There is significant difference between 
residential street surface sediment and the other depositional environments. The 
peakedness of the residential sediments indicates a more well-sorted nature than a 
normal curve. The possibility of a sorting mechanism of the relatively steep slope and 
a sediment source contributing to the pattem are suggested. 
Table 5.12 Homogeneous subsets for kurtosis analysis. 
Environments Kurtosis (¢) 
Street surface sediments (industrial) ^  1.08 (0.13) 
Street surface sediments (residential) ^  1.30 (0.12) 
Gully pot deposits ^  0.99 (0.17) 
Channel deposits ^  1.09(0.16) 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
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5.2.6 Bivariate scattergram analysis 
The simple measurement of particle size parameters is not normally an end to 
itself (Brigg, 1977). Bivariate scattergrams can be plotted from any two size 
parameters in order to depict unique depositional characteristics of the sediment. 
They are based on the fact that each process of transport and deposition tends to 
produce sediment with a characteristic particle size distribution. The difficulties in 
interpreting the bivariate scattergrams is that each environment may produce a range 
of sediment which leads to the overlapping of the particle size distribution formed 
under different conditions (Brigg, 1977). 
Nevertheless, the use of bivariate scattergrams enables us to distinguish the 
four environments. In Figure 5.6, when the 中 mean and 中 sorting values are plotted, 
the channel deposits concentrate to the lower left comer of the graph showing that the 
sediments collected in the channel are coarse and poorly sorted whereas the street 
surface sediments (both industrial and residential) are concentrated at the upper right 
indicating that the sediments are fine but very poorly sorted. The gully pot deposits 
delineated the two environments and act as an outlier. 
In Figure 5.7, when the (j> mean is plotted against ¢) kurtosis, the channel 
deposits are distributed to the left side showing mesokurtic and coarse sediments. The 
surface sediments are on the top-right side which shows a trend of shift to leptokurtic 
as the mean size is finer. A scattergram depicting (j> sorting and 中 kurtosis (Figure 5.8) 
shows a more central tendency for the industrial surface sediments. In fact, the 
sediments in all the four environments, though with different sizes, on a horizontal 
line at about skewness = 0，i.e. symmetrical. These skewness values do not vary 
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i 
significantly between the sites to be a sensitive indicator. The scattergrams in Figure 
5.9 and 5.10 are unable to provide a more discernible difference between the four 
depositional environment. These scattergrams, however, allow us to ascertain the 
environment from known particle size parameters. 
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Figure 5.6 Bivariate scattergram between phi mean and sorting values for all 
sediments. 
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Figure 5.10 Bivariate scattergram between phi sorting and skewness for all sediments. 
For Figure5.6to5.10， 
R --- residential street surface sediments 
誦 - - - i n d u s t r i a l street surface sediments 
GP -_ gully pot deposits 
C --- channel deposits 
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To sum up, in the course of derivation, transportation and accumulation of 
urban sediments, a selective washoff process is suggested (Beckwith et al., 1990). 
These results are similar to Ellis et al., (1987) who proposed a preferential 
hydrodynamic mechanism in the study of sediments and heavy metal loading 
contributed by the highway surface. Such a process controls the sorting of the 
sediment, especially the fines in these four depositional environments, with particular 
differences between the street surface sediments and the channel deposits. 
Li this study it can be seen that from the particle size parameters that there is 
an obvious skewness of the street surface sediment to the fine end and from the 
channel deposits to the coarse end. The poor sorting of the sediment can also be 
expressed in terms of kurtosis is not peaked at the central portion. In addition to the 
factors mentioned before concerning the sediment accumulation, several other factors 
also affect the particle size distribution of the sediments. 
5.3 Discussion 
The use of particle size to characterise the erosional-depositional environment 
is widely adopted. Being one of the most fundamental properties of sedimentary 
particle, the particle size also affects the type of transport process operating (Statham, 
1977). 
First, the materials used in paving the road may affect the particle sizing and 
the amount of sediment yield. In the study of the Silk Stream catchment in London, 
Ellis & Revitt (1982) found that the concrete motorway yields the greatest proportion 
of material <250 i^m whereas the asphaltic surface provides considerable amounts of 
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free coarse materials. Pitt (1979) also commented that better road quality street 
surfaces had more of the smaller sized particles present. Some of these sediments are 
then gradually transported to the roadside margins by tyre impact and deflation as well 
as surface runoff. 
It should be noted that the presence of water can play an important role in the 
erosion of the road paving materials. Cedergren (1974) illustrated how traffic can 
have impacts on a saturated pavement (Figure 5.11). 
Jn addition to the paving materials, the microtopography caused by the road 
surface nature should also be noted. The use of the aggregates with bitumen causes 
rough surfaces. This enables the road surface to trap more fine particles which may 
affect the interaction between the sediment availability and removal rate. The use 
pattem of the road also affects the particle size distribution. It was noticed by Ellis & 
Harrop (1984) that highway surface sediments were well sorted with median 
diameters in the range of 600-1000 ^ im (Ellis & Harrop, 1984). On the other hand, the 
better sorting of sediments on such motorways related not only to the nature of the 
highway surface but also the traffic density and condition (Ellis & Revitt, 1982). 
Li the case of Fo Tan, there are two types of road surface materials found: the 
concrete and asphaltic concrete, as included in Table 5.2. Jn this research, the median 
particle size ranges from 355-500 p.m for the concrete surface in the industrial area 
and 250-355 pm for asphaltic concrete sites in residential. This pattem is different 
from the other studies. 
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Figure 5.11 The ways that traffic impacts can damage saturated pavements (both rigid 
and flexible). Source: Cedergren (1974). 
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The explanation for this need not necessarily lie in the nature of the surface 
itself. A plausible reason to this pattem may be that the traffic in these two sub-areas 
contributes variable amounts of sediments. For example, the abrasion and the wear 
and tear action between the tyres and the road surface can yield higher amount of 
sediments. Therefore, in area A, all the sampling sites are heavy traffic areas, thus 
giving higher traffic-related sediments than area B which has less volume of traffic. 
Another reason may be human factors such as sweeping practices. As 
mentioned before, the street cleaners are more conscious about the coarse sediments 
when cleaning, thus giving a finer portion of the sediment collected than other studies. 
The channel deposits have median particle size of about 1400 ^m which are 
the coarsest out of the sediments found in this study area. This type of sediment 
represents the naturally derived sediments from the whole catchment plus the 
sediment produced by construction work nearby. Such coarse sediment collected in 
the channel indicates a strong carrying capacity of the river during storm periods. 
The gully pot deposits lie between the street surface sediments and channel 
deposits with a median size of about 710 i^m. This can be seen as an intermediate 
process between two energy environments: the street surface which is dominated by 
the sorting of the traffic wind and rain action; and the channel which is dominated by 
the channelised streamflow. As can be seen from the bivariate diagrams, the group 
gully pot (GP) lies between other groups. 
The particle size analysis of sediments shows that in an urban setting, there is a 
sorting mechanism in operation. The production of finer sediments is continuous and 
related to the traffic density, and the coarser fraction is constantly removed by the 
sweeping activities or rainfall events, leaving fine sediments on the surface as 
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mentioned in section 5.2.1. The farther the pathway from the street surface, there is 
an increase in the particle size of the sediments when the coarser sediments are 
transported during heavy rainstorm which has enough energy to carry them. 
There is also a possibility of the presence of sediment traps in gully pots and 
the channel. Li this study, coarse sediments are found in gully pots and the channel 
near the weir. On the road surface, the rainfall events are able to mobilise all 
sediments, both coarse and fine, and the coarse sediments are then trapped in the these 
two environments which have relatively still water. Jn this case, the difference in 
particle sizing for the sediments in different environments is not due to the sorting by 
surface flow condition but rather a trapping mechanism of the gully pots and the 
channel weir which leads to a abrupt change in the transport ability of the surface 
runoff. 
This chapter discussed how the particle size factor is related to the road 
surface, tranport mechanism and human factors. The next chapter will discuss how the 
volatile solids are related to the particle size of the sediments. 
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CHAPTER VI 
VOLATILE SOLIDS ANALYSIS 
6.1 Introduction 
In the study of the transport of sediment in an urban drainage system, much 
previous work has been done on the characteristics, quantities and build-up of the in-
sewer sediments (Crabtree et al, 1991). On the other hand, little effort has been made 
on the pollutional characteristics of the street surface sediments and gully pots 
sediments (Ellis, 1979; Pratt and Adams, 1984). This is especially important when we 
consider that the sewer sediments are widely recognised as a major source of pollution 
and that the improper management of the urban drainage system, e.g. lack of cleansing 
practice and unrestricted the entry of sediments into receiving waters can have 
considerable implications for ecosystem and community health. 
It was not the purpose of this project to examine pollution pathways and 
loadings. Nevertheless, the general characteristics of the sediment can be analysed 
initially with the use of the loss on ignition method to identify the volatile solids 
content. One of the objectives in this research thus is to investigate the relationship of 
the volatile solids content together within different depositional environments and 
across different particle size distributions. 
Li a study of roadside gully pot sediments (Ellis & Harrop，1984)，it was found 
that the highway surface sediments were well sorted with median diameters between 
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600-1000 ^im, of which less than 5 % of the sediment was finer than 60 \im. Such a 
well-sorted pattern should be noted as it is of great importance for volatile organics 
which are very much related to the particle size of the sediments. In that study, a 
higher level of organics were found in the finer portion. Whilst it is not known 
whether particle size will affect the volatile organics affinity to sediments, almost all 
of the monitored pollutants showed an increase in concentration as particle size 
decreases (Pitt, 1979; Yamada, 1981). To be predictive, Yamada (1981) suggested 
that cj>5o (phi median) was a good predictor of the content of pollutants, e.g. organics. 
In addition, the importance of organic fraction in controlling toxic mechanisms 
in storm runoff has been stressed in some research (Ellis, 1979). It was found that the 
volatile solids affected stormwater quality by their high ionic absorptive capacity in 
the uptake of cationic species of pollutants, e.g. heavy metals. Also large amounts of 
organic material in street surface particulates can give high BOD levels in the 
receiving streams (Ellis, 1979). The toxic potential of specific organic components 
has been emphasised with reference to the grain size association of bitumen washed 
from the street surface (Ellis and Harrop, 1984). Sources of possible street 
contaminants were identified in Pitt (1979) as: 
a) wear and emission from vehicles which may lead to heavy metal and organic 
pollution; 
b) roadway abrasional materials which are more pronounced along poorly 
managed roads; 
c) the erosion of local soils where nitrogen and phosphorus have been 
contributed by local plants and soils and are carried onto the street surface by 
rain, wind, and traffic. 
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The third factor, that of erosion of local soils, is not a major source of 
contaminants in most parts of urbanised Hong Kong where the impervious coverage is 
very high. Along similar lines, Muschack (1990) also mentioned the causes and 
sources of the street pollution as: 
a) airbome dusts; 
b) traffic-related pollution, e.g. tyre abrasion particles, brake lining abrasion, 
leakage of hydrocarbons, residues of combustion; 
c) residues from vegetation and excrement. 
t i short, it should be noted that particles from tyres are mostly of organic 
origin with rather slow biological degradation rates when discharged to waters. The 
availability of the road cover abrasion particles varies according to the materials being 
used，e.g. tar or concrete. CERJA (1990) commented that the nature of the 
accumulated surface sediment will vary according to location and road use, and can be 
influenced by other local features, e.g. wind, rainfall, sweeping frequency and 
methods used. 
Li this study, one the main objectives is to examine the relationship between 
particle size and the volatile organic distribution. This has important implications on 
the pollutants transportation in terms of sediment availability and hydraulic conditions 
which are in tum controlled by the particle size distribution of sediments. The 
findings of the particle size characteristics in the urban sediments in Fo Tan, however, 
shows that the sediments are poorly sorted and skewed to the finer portion. 
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6.2 Results 
6.2.1 The mean Volatile Solids in different environments 
In order to test the difference in the volatile solids with different depositional 
environments, one-way analysis of variance (ANOVA) was used with the Duncan 
multiple range test. The results are listed in Table 6.1. 
Table 6.1 Homogeneous subset of the analysis on depositional environments with 
volatile solids by ANOVA. 
Environments Mean Volatile Solids (%) 
Street surface sediment (Industrial) ^  14.23 (7.49) 
Street surface sediment (Residential)^ 13.73 (1.83) 
Gully pot deposits ^  4.44 (0.62) 
Channel deposits ^  1.89 (0.45) 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
The F-ratio is 7.19 shows that it has a probability of 0.0017 to reject the Ho 
with error. Therefore Hi is accepted and there is a difference in the volatile solids 
content in different environments. The Duncan multiple range test further determined 
that the environments of street surface (industrial and residential) are significantly 
different from the gully pot and channel deposits. The mean volatile solids for the 
street surface are 14.23% and 13.73% respectively whereas the means for gully pots 
and channel deposits are 4.44% and 1.89% respectively. However, there is no 
significant difference between industrial and residential street surface sediment in the 
volatile organic content. Neither is there significant difference between gully pot and 
channel deposits. In other words, the relationship between the volatile solids content 
and the differing environments is: 
Industrial surface and Residential surface > Gully pot and Channel 
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6.2.2 The relationship between phi median (d)sn) and volatile solids content 
As previously mentioned, Yamada (1981) suggested that ¢50 is a good 
predictor of the content of pollutants, e.g. organics. Li this study, ¢50 is used to 
correlate the volatile solids content (Figure 6.1). It is shown that the correlation is 
high (R=0.75) whereas in the regression study between these two variables, the r^  is 
0.56 showing significant relationship at a Fsignificance of less than 0.00001. 
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Figure 6.1. Regression on the phi median and the volatile solids. 
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Therefore, it can be seen that apart from other factors like landuse, the particle 
size also plays an important role in affecting the organic content of urban sediments. 
Here, the trend is that, the smaller the particle size (i.e. larger $ value), the higher the 
volatile solids content. 
6.2.3 Particle size distribution on the volatile solids content ’ 
The relative loading of the volatile solids content in respect to particle size is 
illustrated in the Figure 6.2. 
Volatile solids content in different depositional environments 
1 4 x " ^ " ^ ^ ^ ^ 
1 15“ / - , , 
SL 10-- < » ^ y • • • • • )- , " • _ Gully Pot 
1 / / ^ ^ > ^ r : : ^ , - - " - - Z 
> 5 - - / ^ • - _ . . . , , • - _ z • Channel deposits 
• • •垂• • * * _ • 一 • 一 • ___ - 一 雄 
0 广 - 厂 - 丁 - “ ^ - 一 厂 ‘ ‘ ‘ , ' I ‘ ‘ ’ — — s u r f a c e s e d i m a i t 
>2800 1400 710 355 180 90 <63 (industrial) 
Particle size (um) Surface sediment 
(residential) 
Figure 6.2 Volatile solids content in different depositional environments. 
It can be noted that there is a trend of having higher volatile solids at finer 
portion for the sediment in ail environments. In addition, for sediment on street 
surfaces, there is a smaller peak at particle sizes around 1400-2000 |im. Such a 
bimodality of volatile solids content for different particle size may suggest two sources 
of organics on the surface which is not find in the gully pots and channel. 
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The reasons why the volatile solids in channel and gully pots are much lower 
than the street surface may be due to the rainy seasons during the sampling period. 
When there is an effective rain (0.2 in or 5 nun in Pitt (1979)), it can have enough 
energy to carry the pollutants, e.g. organic matter and nutrients which reduce the 
chance of bacterial growth affixed to the sediment, especially the finer particle sizes. 
However, when it is checked with the rainfall amount during the days before the 
sampling dates of the sediments, there is no strong evidence supporting the idea, 
though before the sampling dates on 27/6/94 and 29/7/94，there experienced severe 
rainstorms (Table 3.5). Therefore, factors like traffic impact or landuse may be more 
important factors in affecting the volatile solids content. 
6.3 Discussion 
6.3.1 Effects ofRoad Surface Characteristics 
The road surface controls the volatile organics in the urban sediments in two 
ways. Firstly, the materials used in the pavement of the road are a source of volatile 
solids. The street surfaces may contribute asphalt, bitumen and joint filling 
compounds which constitute part of the organics. Asphalt is a plastic substance that 
imparts controllable flexibility to mixtures of mineral aggregates with which it is 
usually combined (Asphalt Listitute, 1989). Asphalt also contains bitumen which is a 
hydrocarbon material soluble in carbon disulphur ( C S 2 ) . Paving asphalt, which is 
used in pavements, is a black, sticky, semisolid, highly viscous material. It adheres to 
the aggregate particles and can be used to cement or bind them into asphalt concrete. 
It is waterproof and is unaffected by most acids, alkalis and salts. Therefore, the 
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degree of the use of asphalt in paving the roads will inevitably affect the organic 
content in the street surface sediments. 
Another factor which affects the amount of organics is the road condition. By 
this I refer to the maintenance and management of the roads. Roads which are in poor 
condition experience accelerated wear and tear of the surface. Also, with the aid of 
water as a major weathering agent (Cedergren, 1974)，a lack of maintenance will 
result in the production of additional road surface debris which may contain high 
contents of asphalt or bitumen and thus also volatile organics. t i contrast, smooth 
streets in a good state of repair are found to be insignificant in contributing 
insignificant volumes of sediment and street pollutants compared with traffic and 
erosion of local soils (Shaheen, 1975). 
Jn Fo Tan, some of the street surface sampling sites were of asphalt with some 
coarse aggregate and others were of concrete. Indeed, the results show that some of 
the sampling sites (site 13) with concrete have higher volatile content than asphalt 
which may imply that the major source of organics does not originate from the asphalt 
itself, especially when it is related to the finer portion (e.g. less than 125 i^m or 3中). 
This will be elaborated more in the discussion of traffic impact. 
6.3.2 Effects ofTraffic Flow 
The amount of traffic is found to be higher in the industrial area (AADT= 
27,140) than in the residential area (AADT=16,420) (Transport Department, 1995). 
The percentage of organics in total obtained in industrial areas is also higher than that 
from the residential. It is possible that the organics are positively related to the 
amount of traffic. The most important source of organics comes from tyres. The 
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rubber tyres have a slow biological degradation rate and with high chemical oxygen 
demand (COD) (Muschack, 1990). In the combustion of fossil fuels, soots and tar 
products are emitted which may account for the organic proportion. Other pollutants 
are produced from the additives in tyres, brake linings and hydrocarbons. 
When all the samples from different environment were analysed in terms of 
their volatile solids, it is interesting to note that, despite the anaerobic condition 
(anoxic) in the gully pot, the highest percentage of volatile organics is to be found in 
surface sediments (industrial). As mentioned before, the amount of volatile, follows a 
pattem of: 
Surface sediments (industrial and residential) > Gully pot and Channel deposits 
An explanation to this pattem is that the major source of contribution of the 
volatile organics is some light traffic-related materials, e.g. rubber tyres fraction, 
which are found abundant on the street surface (Table 5.1) due to the abrasion of the 
tyres on the street surface. These light materials are easily transported into the storm 
sewer during rainstorm periods and carried out of the study area. This accounts for 
why the volatile organics percentage is found to be so high on the surface and not the 
gully pot, when we take traffic volume into consideration. Other sources for organics 
will be the bituminous materials and the fine dusts produced by combustion of the 
vehicles. 
Another explanation could be that the gully pot is not in a state of putrefaction 
and that the anaerobic bacteria is not active when dissolved oxygen is still available. 
For the channel deposits, the very low volatile organics is due to the movement of the 
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stream which ensures that dissolved oxygen is abundant and no anaerobic bacteria are 
acting on it during wet seasons. 
6.3.3 Effects ofLanduse Pattern 
In this study, apart from the road surface characteristics like paving materials 
and traffic, it is not well known about the effects of landuse on the volatile solids 
content. Nevertheless, it was found that the landuse may produce a particular particle 
size distribution of the urban sediment (Roberts et ai, 1988a). Li addition, Ellis 
(1979) has plotted the particle size ranges for different bulk components, including 
organic and inorganic. 
t i conclusion, the volatile solids content of the sediment is very much affected 
by the traffic volume and much of the sediments from the street surface are rubber tyre 
fragments which lead to a high volatile solids content. Jn addition, the road surface 
material also plays an important role, especially the bitumen in contributing organic 
compounds in the sediment. Knowing that the particle size is also related to the 
volatile solids context, the factors which control the particle sizing are important in 
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estimating the volatile solids content in the sediments. 
6.4 Particle size and volatile solids: a svnthesis 
It is important to understand the relationship between the particle size 
distribution with the pollutant concentration. Almost all of the monitored pollutants 
including total Kjeldahl nitrogen, phosphate and heavy metals like lead, zinc and 
others done by the EPA study on urban sediment in San Jose showed an increase in 
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concentration as the particle size decreased (Pitt, 1979). A number of studies have 
been conducted in Hong Kong on the heavy metal content in street dust of different 
particle sizes (Lau & Wong, 1982; Lau & Wong, 1983). 
It should be noted that the characteristics and nature of the deposited materials 
can vary significantly, that this depends on the local hydraulic condition in sewer 
transportation (Verbanck, 1990)，and that accumulation of sediment varies spatially 
and temporally. Li this section, we shall attempt to establish the relationship between 
the particle size distribution with the volatile content related to different landuse 
patterns and depositional environments. Table 6.2 and 6.3 provide a background 
knowledge of the urban sediment studies overseas and comparison with the Hong 
Kong data in gully pots and street surface sediments respectively. 
Table 6.2 A comparison of the gully pot sediments with other studies. 
Place Sizing Volatile component 
Fo Tan, Hong Kong D50： 688^m mean value= 6.02% (range:2.32-15.13 %) 
London, UK (by Ellis & Harrop，D50： 600-1000^im may take up 20-40% of total solids weight 
1984) 
Clifton Grove, Nottingham, UK D50： 300-600^m NA 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The volatile solids contents by mass in relation to the particle size of the urban 
sediments are presented in the form of graphs (Figures 6.3 to 6.6). It should be noted 
that the street surface sediment (industrial and residential) and gully pot deposits both 
have a bimodal distribution in particle size distribution which peaked at about 355 ^m 
and 5600 \im whereas no such pattern is observed in channel deposits. 
On the other hand，the volatile organics increases amidst the finer portion 
(< 355 t^m) of all samples from different environments. Exceptionally high volatile 
organics (about 25 % or even greater than 30 %) are observed in some of the 
individual sites for the street surface sediments. These figures are related to the 
materials found in the samples. As can be noted in the logging of the sediment, a 
large amount of the volatile solids comes from the rubber fragments which 
concentrate at a particular range of size. The channel deposits do not carry very high 
volatile content (less than 10 %). The gully pot sediments show an intermediate 
content of volatile organics. 
It is interesting to see the intermediate nature in the particle size distribution 
and the volatile content of the gully pot sediments as compared with street surface 
sediment and channel deposits. Also, the bimodality of the street surface sediment 
and gully pot deposits may be due to the different sources of the volatile organics 






































































































































































































































































































































































































































































































For the sediment collected from this study area, most are of anthropogenic 
origin. Sediments related to traffic are the most abundant which exceed those from 
local geology. It should be noted that the local geology affecting the urban sediment 
in areas like Hong Kong is minimal. 
Although construction activities may contribute a high, short-term input of 
sediment to the receiving waters, producing coarse-grained sediments, these sediments 
are of low organic content (less than 10% by mass in general for street surface 
sediment and less than 3% for gully pot and channel deposits). More importantly, the 
particle size and its volatile organic content are affected by the intensity of road 
traffic, as can be seen from the logging on the characteristics of the sediments that are 
of traffic origin. It is particularly the finer sized rubber particle which contribute a 
high volatile organic content (around 25% for street surface sediments). 
To conclude, a better understanding of the mechanism in producing traffic-
related sediment is crucial if the street runoff pollution is to be minimised. Moreover, 
the type of materials used in road paving should be noted for heavily-loaded roads. ]Dn 
this study, however, such a difference on the pavement materials in yielding differing 
sediments is not observed. The degree of pollution is related to the volume of traffic 
when the interaction between vehicles and road surface is increased. In this aspect of 
organic pollution, it should be noted that other natural input of organics, e.g. fallen 
leaves, and excrement were not included in this study of sediments. 
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CHAPTER VII 
SCANNING ELECTRON MICROSCOPIC STUDY 
7.1 Introduction 
Li this study, surface textures on the urban sediments are examined in order to 
determine the mechanisms in transportation, deposition and the energy environment of 
the sediment. From the sediment samples，quartz was chosen because of its relatively 
resistant surface to weathering compared with other minerals, e.g. feldspar and mica, 
and because it is abundant in granite, the major rock type within this catchment. 
Throughout its sedimentary history, a grain may be subjected to a succession of 
different mechanical and chemical processes and the textures produced by later 
episodes may be superimposed on those produced by previous ones. From such 
evidence, we can possibly suggest the processes and the energy conditions involved in 
this environment. 
Li this study area, Fo Tan has a number of environments that comprise sets of 
quite distinct energy conditions. First, the street surface is the site where major 
human alteration takes place, with additional wind activity caused by passing traffic, 
rain impact, chemical weathering and construction activities. Second, the gully pot is 
a relatively stable environment with stagnant water which may or may not be stirred 
up during street runoff depending upon the packing and shear strength of the 
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deposited materials. Most of the larger sediments are deposited during these period. 
These energy conditions interact within the environment and, given the necessary 
time, modify sediments within that system. This modification can take the form of 
mechanical abrasion, chemical precipitation or solution (Bull, 1981). 
Much has been done in studying the pollution potential of the urban sediments 
(Ellis, 1979; Yamada, 1978; Ellis et al., 1982; Pratt & Adam, 1982; Ellis & Harrop, 
1984). On the other hand, little is known about the size, surface texture and 
cohesiveness of the sediment (CIRIA, 1986). Li this study, the SEM technique is used 
in order to supplement the information of particle sizing and volatile organic content. 
Li this research, it should be noted that the use of SEM is not intended to identify the 
‘origin，of the deposits but to identify characteristic surface textures of urban 
sediments and to suggest possible processes involved in a known environment, i.e. 
street surface, gully pots and river channel. 
It is apparent from the literature, that sediments in different environments bore 
certain surface features. Therefore, the identification of these features assists us in 
deducing types of environments present. The surface features recognisable under the 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.2 Related surface features to different environments. 
Environments Features usually observed Comments 
1. Subaqueous a) deep surface etching - (c) may due to the subaqueous 
b) crystal growth agitation or dissolution 
c) V-shaped pits - (d) may due to sub-aqueous 
d) straight grooves, striations collision 
2. High-energy a) etching - the V-shaped pits more dense 
chemical b) silica deposition than sub-aqueous 
c) precipitated upturned plates 
d) irregular solution-
precipitation 
e) crystal growth 
f) solution pits 
3. Aeolian a) conchoidal fractures - (a) & (b) may due to aeolian 
b) mechanically formed transport collision 
uptumed plates 
c) rounded grains 
d) cleavage planes 
e) angularity/ cracks 
As commented by some workers, "the typical surface textures of quartz grains 
deposited in a tropical, high-chemical energy environment reveal different chemical 
weathering, cleavage plates and scaling, solution pits and precipitation, solution 
crevasses, surface flaking and scaling, oriented chemically etched V-form, chemically 
etched triangles" (Doomkamp & Krinsley, 1971; Tankard & Krinsley，1973，cited in 
Georgiev & Stoffers, 1980). On the other hand, chemical features are found to be 
more abundant in finer grains whilst coarser grains have relatively more mechanical 
features (Cater, 1984). Caution should be exercised, therefore, in interpreting surface 
features which may also be affected by the size of the grain (Krinsley & Takahashi, 
1962; Ingersoll, 1974). 
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Moreover, mechanically produced textures and their related morphologies, e.g. 
relief and roundness, are commonly studied and regarded as reliable indicators. 
Features originating from chemical precipitation and solution are common but not 
necessarily good environmental indicators (Margolis & Krinsley， 1974). 
Nevertheless, the presence of these features，e.g. V-shaped oriented etch pits do serve 
to indicate the relative degree of chemical alteration (Bull, 1981). 
It is interesting to notice that in many studies, the features of high angularity 
and surface relief, arcuate fractures and surface striations are found to be typical of 
"glacial" features. Li interpreting the features of the grain, the altitude we should have 
is best summarised by Brown (1973:397): 
"...although there is great value in the study of quartz grain surface textures as an expression 
of transportational and depositional processes, more attention should be paid to the dynamics of such 
processes to determine what combination of physical parameters is required to produce a particular 
texture and whether such parameters are replicated in different environments" 
Therefore, such "glacial" features may, in some non-glaciated areas, indicate a high 
degree of mechanical abrasion where there is a wide range of particle sizes present. 
On the other hand, grains deposited in quiet marine lagoonal water may be recognised 





7.2.1 Quantitative analvsis of the surface features on grain.^  from different 
depositional environments 
The counting of the occurrence of certain surface features on quartz grains is 
presented in Table 7.3. In addition, surface feature variability plots (modified from 
the format of Margolis & Kennet, 1971) are shown in figures 7.1 to 7.4 to show the 
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A. Residential street surface sediments 
Chemical action dominates all quartz surfaces in this environment. These 
actions involve mainly irregular solution and precipitation (feature 10)，and etching 
(feature 11). 100% of the occurrence of these features can be found on the grain 
surfaces. 
On the other hand, mechanical features such as conchoidal fracture (feature 2) 
and angularity (feature 7) are also prominent with 85% occurrence on the grain 
surfaces. The mechanical actions, when compared with other environments, are quite 
evident on the grain surface. These suggest the relatively stronger involvement of 
mechanical action in the derivation and transport of the street surface sediments. 
B. Industrial street surface sediments 
At a general level, the patterns at the industrial street surface are similar to 
residential sediment, which indicates similar action on the quartz grains. The street 
surface sediment, as a whole, indicates the beginning of chemical actions after 
mechanical processes, as can be observed from the increased occurrence of the silica 
deposition (feature 8) with a percentage of 75% found on the grain surface. Traces of 
the mechanical actions (e.g. conchoidal fractures and striations) are still evident and 
s. 
prominent with 85% occurrence of the total grains. Presumably the silica deposition 
occurs on top of the mechanical abrasions. 
C. Gully pot sediments 
In this depositional environment, the evidence of mechanical actions on the 
grains decreases. On the other hand, the chemical actions were found to be exerting 
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more influence on the quartz grains. The sharp decrease in the mechanical features 
may be that they are blurred or "covered" by the chemical features. There is，for 
example, a complete coverage of the irregular solution-precipitation action (with 100% 
of the total grains). Also, the mechanical uptumed plates, cleavage plane and the 
angularity of the grains ff^eature 3，6 & 7) are greatly reduced (with 5%, 15% and 55% 
of the total grains respectively) which suggest a high energy chemical or subaqueous 
environment when stagnant water is present in the guUy pots. Thus having intensive 
chemical action but less mechanical action even as in subaqueous conditions. 
D. Channel sediments 
Li the river channel, active chemical activity is found in the form of silica 
deposition (feature 8) with 90% occurrence and irregular solution-precipitation 
(feature 10) with 90% but decreasing in etching (feature 11) with only 55%. These 
suggest a higher energy chemical environment. Other related features can also be 
found like scaling and smoothening of the surface caused by the solution action. 
Notice the general low figures in the surface features from 1 to 7 (features of 
mechanical origin) when some of these features are being superimposed and blurred. 
Nevertheless, traces of mechanical actions like rounding of the grain (feature 4) 





7.2.2 Description of the texture of the samples 
In this section, a series of photographs from the SEM are shown. This is 
intended to offer a qualitative visual judgement with suggestions to the possible causes 
of the resultant features. Several grains from different environments were selected to 
illustrate these conditions. The grain numbers referred to in the text are those assigned 
during measurement. 
Grains from Residential area (grain 8，27, 26，10) 
The quartz grains collected from the residential area are common to have 
conchoidal fractures and an angular nature. Chemical processes are also in operation 
when for some of the surface of the grains are superimposed with chemical features. 
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Plate 7.1 Grain 8: Parallel steps in the middle are blurred by the solution action which indicates 
chemical action after mechanical processes. 
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Grain 27: Intensive chemical action can also be observed on the surface of the grains found on 





Also notice the scaling effect on the precipitated surface leaving a hollow or lid (Plate 7.2b). The 
micro-steps on the precipitated surface indicates another abrasional process shortly after the chemical 
action, showing a very complicated interaction between the mechanical and chemical action in this 
environment. 
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Grains from Industrial area (grain 2, 5 & 15) 
In this depositional environment, the grains examined show intensive chemical 
action after mechanical traces. This may suggest the impact of the chemical processes 
(e.g. from rainwater) are quite effective during the transport of the grains on the street 
surface though the abrasional forces of the traffic remains dominant. 
• 
Plate 7.5a Grain 2: Chemical-etched triangles are observed on this gram. 
^ ^ ^ g ^ 
國 
Plate 7.5b Grain 2: Chemical V-notches can be found on the surface modified by solution action. 
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Plate 7.6 Grain 5: Sometimes the surface are dissolved to give some solution pits. 
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Plate 7.7. Grain 15: Smoothening of the grain with remnants of conchoidal steps. Adhering particles 
are abundant in the grooves. Intensive chemical action like precipitation is observed. 
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Grainsfrom Gully Pots (grain 4，7, 8 & 13) 
From the grain surfaces found in this environment there is a nearly complete 
coverage of the irregular solution-precipitated surface which may due to a slow drying 
process or retention in stationary water in the gully pots. The solution pits or scaling 
may be due to the first stage of chemical weathering in a high energy environment. 
The smoothening of the surface suggests rapid precipitation process. Jn addition, 
traces of features such as etched pits, grooves and solution-precipitation are indicative 
of a sub-aqueous environment and some regard etch pits (here referred to as a 
chemical V-notch) as an indicator of marine environment (Cater, 1984). This is 
possible in gully pot containing with water. Therefore, a suggestion is intensive 
chemical action with sub-aqueous features. 
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Plate 7.8 Grain 4: Thin coating of the surface reveals the intemal structure of parallel scratches. 
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Plate 7.10 Grain 8: Grain surface with precipitation action. Notice the rounded edge of the right side 
which suggests a wind-blown environment, e.g. aeolian, or an abrasional environment but not in water 
(as some mechanical V-notch may be noted for sub-aqueous environment). 
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Plate 7.11 Grain 13: Effects of solution and precipitation can be seen on the gully pot deposits. 
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Grainsfrom Channel (grain 11，23, 30 & 16) 
Li this environment, strong chemical action, e.g. scaling, solution and 
precipitation on the surfaces of the grains are evident. On the other hand, traces of 
mechanical action, e.g. angularity，conchoidal fracture and mechanical uptumed 
plates and rounding are present suggesting the impact of mechanical action before and 
during transport of the grain before chemical action sets in. 
• 
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Plate 7.12 Grain 11: Traces of conchoidal fractures indicate the impacts of mechanical action before. 
Some chemical features like precipitation, precipitated upturned plates and solution pits suggest a high 




Plate 7.13 a & b Grain 23: Deeply etched surface and smoothened for the grain. Notice the rugged 
surface is the result of the solution on a formerly mechanical Vs. This suggests that abrasional force 
similar to aeolian process has taken place and then under the chemical action or as in sub-aqueous 
environment. ^^ ^^ H ^^^  
H ^ ^ ^ ^ ^ n 
HHHMPjyMiiii^ ^^  
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Plate 7.14 Grain 30: Sub-angular nature of the grain that has not undergone mechanical rounding before 
it was attacked by chemical action. No surface or edge rounding. Notice the scaling effects with lids at 
the middle-right of the grain. The conchoidal breakage is covered with silica due to precipitation. 
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Plate 7.15 Grain 16: The left side of the grain is beautifully rounded. The cleavage plane is not clear 
but observable at the right side. Serious deposition after rounding of the grain bV mechanical action. 
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To sum up, the quartz surface in the grains from the gully pots and the channel 
give strong evidence of intensive chemical action, judging from the presence of 
solution-precipitation etched surfaces. These features are found superimposed on 
earlier mechanically rounded or breakage surfaces. Strong chemical processes are 
found in some of these grains like scaling and solution pits suggesting high energy 
chemical environment (Plate 7.2b & 7.5b). 
Completely unweathered grains are difficult to find in this study and an 
extremely complex solution-precipitation phenomenon occurs along with the 
mechanical features. It should be noted that some of the features, especially the 
chemically derived features such as etching and solution-precipitation, were found to 
be quite ubiquitous in all samples. 
On the other hand, in the gully pot and channel deposits, traces of mechanical 
features can still be identified, possibly due to the turbulence of the water during 
transport. It is interesting to see that the rounding features which were expected to 
happen under mechanical process are quite common in the sediments from 
environments like gully pots and the channel (Plate 7.15). 
There are several possible reasons for this case. First, it may take a relatively 
longer time for a grain to travel to reach the gully pot or channel in this specific case, 
so the rounding action during the transport of the grain can be expressed from the 
occurrence of the roundness of the grain especially at the edges. Second, during the 
transport of the grain under the influence of water, certain abrasional or attrition 
process may take place causing such features. At the same time, chemical actions 





Therefore, it has to be bome in mind that the use of feature identification is not 
to dichotomise mechanical and chemical processes but to identify the relative intensity 
of the process on the grain for a specific environment. So, statistical or quantitative 
analysis of the grains with the use of SEM is recommended, though Bull (1979) 
commented that a complete quantitative method is very time consuming and that an 
identification of the different features must be related to their environmental cause 
before generalisations can be made. 
7.2.3 Texture interpretation 
The surface features noted through direct observation and photographs can 
also be analysed quantitatively and qualitatively. A modified method was adopted 
after Cater (1984) to interpret the textural abundance data when some of the categories 
of the features are simplified: 
1) The surface textures present on the grains were used to identify the physical/ 
mechanical and chemical processes recorded on the grains. 
2) The abundance and density of certain surface features enable the suggestion of 
a set of processes which is used to identify and interpret the environments for 
the sediments collected. 
3) The use of individual textures or groups of related surface features may be 
diagnostic of specific types of process: 
a) Mechanically formed V-shaped pits: which are indicative of subaqueous 
impacts on the sediment. Linde and Mycielska-Dowgiallo (1980) and Margolis and 
Kennett (1971) noticed the increase of V-shaped impact pits is related to the duration 
and intensity of subaqueous agitation. 
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b) Linear/ curved grooves: these textures are thought to be produced during 
energetic subaqueous collisions (certain sites had over 50% of grains bearing this 
feature). 
c) Silica globules: these are deposited onto grains in silica-precipitating soils 
and silica-saturated rivers (Higgs, 1979; le Ribault, 1975). 
d) "Aeolian textures": features like upturned plates and dish-shaped breakage 
concavities (also rounding?) are thought to be caused by aeolian transport. 
e) Chemically etched triangles: these are used to indicate marine environment 
as silica dissolves rapidly when pH>9 in marine condition. On the other hand, it may 
also dissolve in pH<9, e.g. in rivers, lakes and as a result ofdiagenesis. 
f) Conchoidal fracture: caused during transport due to compressional force. 
7.3 Discussions 
After a general description of several particular grains of interest from each 
depositional environment, namely, street surface (residential and industrial), gully pots 
and river channel, it is possible to suggest the transportational environment, in terms 
ofthe energy and actions involved. 
7.3.1 Surface texture description and its relationship to landuse pattern 
Jxi a study on the size and surface texture of sediments in an urban catchment, 
Roberts et al (1988a) suggested how the principal processes and surface textures are 
related to the landuse pattern in an urban setting. Much related to this study is the 
landuse of: 
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1) Modem housing with concrete drives: which involves rapid silica precipitation 
and cementation with some fresh-faced or abrasion features. Such processes are due 
to the relatively high availability of silica weathered from concrete. 
2) Commercial traffic: which has abraded individual particles and aggregates due 
to severe erosion by traffic. 
For the street surface sediment, the origin of it may probably be due to the 
erosion of the rock aggregates and road-surface materials by vehicles and weathering, 
and by its collection and removal to the roadside gutters in stormwater runoff (Roberts 
et al.’ 1988a). The quartz grain surface features in Roberts，study found that 
mechanical action dominates with straight and conchoidal steps impact blocks "V"-
notches and striations. 
In this study, on the other hand, the general pattem of the sediments from the 
four depositional environments is that the presence of mechanically formed "V"s is 
not abundant, which suggests a relatively short time period of transport of the 
sediment produced in the urban setting. Other mechanical features like conchoidal 
fractures and angularity are quite abundant in both residential and industrial street 
surface sediments which may again support the idea of short period of occurrence of 
the sediments and the mechanical impacts on the sediments during transportation, e.g. 
by traffic/vehicles or human activities like construction work. 
Chemically formed surface features like silica deposition and irregular 
solution-precipitation are particularly abundant in sediment from the gully pots and 
channel. These suggest the chemical action of rainwater on the sediments in the gully 
pots and also the channel. Etching and precipitation-solution are also abundant on the 
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street surface sediments which account for similar chemical impact on the road 
surface. 
]n addition to these, “glassy spheres，，were found during a binocular 
investigation (Plate 7.16). Particle size analysis revealed that such “glassy spheres，， 
are most abundant in a range of 90 to 710 i^m. It is suspected that such perfect 
sphericity is not due to either solution or mechanical action but to some sort of 
spraying action or air-bome process. The morphology of the surfaces and the use of 
EDS-X ray strongly suggests it is a silicate rich material, possibly quartz. Jn other 
studies on the use of SEM on urban sediments (Roberts et al, 1981)，and on flyash 
specifically, the morphology and content of pulverised flyash is very similar to these 
“glassy spheres’,. 
On the other hand, the flyash used in concrete or derived from the combustion 
of coal has a median diameter of about 2 i^m, and is not larger than 15 ^ im (Gibbon, 
1979). Therefore, the origin of these "glassy spheres，，thus remains unknown and is 
worthy of further investigation. According to the Particle Atlas of McCrone and 
Delly (1973) similar “glassy spheres，，have been used as reflecting elements in 
highways and signs. Moreover, such "glassy spheres" are more resistant to 
weathering and abrasion than the other sediments studied. It may serve as another 
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Plate 7.16 The presence of glassy spheres in the surface sediment. Notice the perfect sphere suggesting 
the artificial nature of this material. 
7.3.2 Sediment transport in an urban setting： a svnthesis 
Considering the surface features of the samples from the four different 
environments, one is able to make a number of tentative conclusions. Owing to the 
fact that Hong Kong has never been under direct impact of the glaciation, the 
possibility of having glacial action in producing the conchoidal fractures is excluded. 
An explanation is given for each type of mechanical and chemical action deserved in 
the preceding sections. 
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a) Features caused by mechanical action 
These features embrace conchoidal fractures, arc steps, cleavage planes, 
rounding of the grain, mechanised v-notches and upturned plates, grooves and 
striations. The reasons for these features is most probably due to the abrasional forces 
caused by traffic and the impact of the tyres on the road surfaces. Roundness and 
abundance of the V-notches implies a higher degree of mechanical action on some of 
the grains. 
On the other hand, at all the four sampling sites, the mechanical features 
appeared to be short-lived when severe erosion by traffic and silica-precipitation set in 
once the grain is deposited. These can be found from the evidence of the relatively 
early stages of chemical action in the street surface sediments. 
b) Features caused bv chemical action 
These features include etching solution-precipitation, scaling, solution pits and 
crystal growth. The causation for these features is complex. Precipitation and 
solution are most likely produced in stationary surface waters (Roberts, 1986), e.g. in 
the gutters, gully pots and channel. Such action is especially efficient when a 
relatively high availability of silica is produced by the weathering of concrete (Hobbs, 
1980). A complete coverage of silica suggests a slow period of drying in slow-
moving or stationary stormwater (Roberts et al.，1988). In addition, the pollutants and 
chemical emitted from the nearby traffic and landuse may accelerate the occurrence of 
chemical action on the quartz grains. The chemical reactions that take place on the 
street surface sediment may be very much due to the action of rainwater over the road 
surface and in the gutters, bearing in mind that the sampling period was predominantly 
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within the storm period in this study area (from July to November). There is usually 
an incomplete coverage which indicates an early stage of development of such 
features. 
Therefore, a framework for suggesting the transport and deposition of the 
urban sediment is given in Figure 7.5. First, the derivation of the urban sediment is by 
means of mechanical action due to construction activities or modification of the road 
surface, wear and tear action between the tyres and the road surface, and the rain 
splash and wash action during rainstorm periods. All these play an important role in 
the early stage of transportation of the sediment which is then attacked by series of 
chemical actions like solution-precipitation and etching in stationary waters in the 
road surface or gutters. These actions, which are similar to a high-energy chemical 
and sub-aqueous environment，continue as the sediment is transported further to the 
gully pots or to the receiving stormwater channel. It is also possible for the sediment 
to be directly transported to the receiving channel and bypass the gully pots during 
rainstorms. During such transportation, mechanical features like rounding and 
mechanical V-notches may be produced and chemical features will be produced 
during relatively low flow conditions or in stationary waters, which favour partial 
solution and precipitation on the grain surface. 
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Figure 7.5 Suggested framework for the processes involved in an urban 
setting (Fo Tan) from the surface features on sediments 
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Li general, the reduced importance of mechanical V-notches may be due to the 
relatively short period of transport when compared with the literature cited on ancient 
sediment environments. The chemical actions on the other hand are facilitated by the 
hot and humid sub-tropical climate. The high degree of urbanisation in Hong Kong 
also helps in this situation. The relatively short route for the sediment to travel from 
the origin to the receiving via the well-constructed storm sewerage leads to shorter 
time for the mechanical processes to act on. From the knowledge of the scanned 
sediment found in the urban setting, it is confirmed that chemical action is dominant, 
a finding that is applicable to other similar urban areas. 
To conclude, the use of SEM in the study of urban sediments enables us to 
characterise the conditions of the environment of how the sediment is transported and 
the related processes acting on the grains. On the other hand, the use of SEM should 
not be regarded as the sole means in identifying the transportation and depositional 
environments of the grains. It should be treated as a supplement to other conventional 
methods, e.g. particle sizing and field observation. Also, the limitations of the SEM 
should also be acknowledged when the methods and interpretations used in this field 
are still diverse. 
Nevertheless, the dynamic conditions involved in the transport of sediment on 
a micro-level is best illustrated by the use of SEM. The observation of the surface 
features like roundness, angularity and upturned plates provide us with an idea of 
mechanical actions whereas etched and smoothed surfaces enable us to suggest 
chemical actions are undergoing. 
Up to now, we do not have much knowledge on the use of SEM in the study of 
urban sediment though much has been done on biological and paleoenvironmental 
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studies. This research is intended to, from a semi-quantitative with some qualitative 




8.1 Findings of this Research 
In this chapter it is intended to summarise the findings in this research and to examine 
to what extent these resolve certain questions raised in the literature review chapter. 
1. What is the nature of the sediments collected in a heavily urbanised sub-
tropical area? 
A variety of sediment types were collected from these four urban settings. 
Apart from the buUcy litter, much of the sediments were traffic-related. As was shown 
in Table 6.1，the most common materials are rubber and metal powder, though others 
Hke quartz are also abundant. These sediments are regarded as traffic-related, based 
on several observations and possible suggestions: 
a) The rubber fragments are derived from the abrasion of the tyres of road 
vehicles. 
b) The metal powders may be due to the fallout of the metallic chippings from the 
vehicles or the combustion of fuel. 
c) The quartz is most likely a result of the breakdown of road aggregates. 
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The rubber fragments and metal powders show a particular concentration for 
certain particle size ranges (e.g. rubber ranges from 63-710 |im whereas metal powder 
ranges from 125 p.m-180 [ixn). Moreover，although this is not a detailed study on the 
evidence of the relationship between traffic and the presence of these materials, there is 
evidence that there is a positive relationship between the traffic density and the 
production of rubber and dusts. 
It is also interesting to note the presence of "glassy beads" in the sediments. 
Unfortunately, the origin of these remains unknown. McCrone & Delly (1973) refer to 
“glassy beads，，that are used on road signs or surfacing materials to reflect light for 
driving purposes. However, following discussions with engineers responsible for road 
construction in the Highways Department of Hong Kong, there is no evidence of the 
deliberate placing of these “glassy beads" on the road for any specific purposes 
mentioned above. Judging from their size, these are not flyash (which are only several 
microns in size) which may have been used in concrete mixing to improve the 
performance of concrete. The appearance (surface features) of these "glassy beads" 
indicates that such spherical shapes are the result of some kind of spraying action and 
not chemical rounding. The resistance of these “glassy beads" to chemical action is 
quite strong though some of them have been broken by mechanical action, e.g. traffic 
impacts. 
On the other hand, it is difficult to identify the naturally derived sediments. 
Along the pathway of the transport of sediment in the stormwater drainage network, it 
can be seen that the deposits in the receiving river channel may mix up with the street 
surface sediments which are carried to the channel via the drainage network. 
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2. What are the differences between the urban sediment in terms of organic 
matter and particle size? 
The particle sizing of the sediments is distinctive in different depositional 
environments. There is a preference for the street surface sediment to peak at 250-355 
^im, whereas peaks of710 i^m for the guUy pot sediments and about 2800 i^m for the 
channel deposits were recorded. 
This sorting of particle size amongst different depositional environment is 
possible due to the energy of the flow to mobilise the sediment. In times of heavy 
rainstorm, the stormwater on the road surface has sufficient energy to carry it further 
to the guUy pots and then to the channel, where some of the larger sediments become 
trapped and deposited. The channel, in addition, received sediment from the upstream 
natural catchment which may be as large as 8 mm. 
Considerable research has shown the importance of pollutional characteristics 
among different particle sizes of the sediment, rather than treating the total sample as a 
single unit (Sartor & Boyd，1972; Pitt, 1979). The pollutional nature of the sediment 
in Hong Kong is likewise primarily attributed to its particle size but also to traffic 
density. As was demonstrated by Lau & Wong (1982) some heavy metals showed 
significant correlation with the annual average daily traffic (A.A.D.T.) when the dust 
particles were smaller than 106 [im in diameter. 
The volatile solids content in all four urban environments shows a generally 
increasing trend of volatile solids with decreasing particle sizing which conforms with 
most previous studies on urban sediments ^llis, 1979; Ellis & Harrop, 1984). The 
volatile solids content amongst these environments are different and can be divided 
into two main groups: 
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(a) gully pots and channel deposits; 
(b) street surface sediments. 
It is certain that the very high percentage of volatile solids (over 30% by weight 
for particular particle sizes) found in the street surface sediments is related to the 
traffic density. The rubber tyres and some road paving materials, e.g. bitumen, lead to 
a high volatile solids content. The bimcxiality of the volatile solids with particle size in 
street surface sediments suggests that these volatile solids are possibly of different 
sources, namely the bituminous materials from the coarser fraction (about 2000 \im) 
and rubber from the finer fraction (about 125 M-m). 
It should be noted that the dust particles from fuel combustions and other 
related activities were not identified or analysed in this study. The fine soots or dusts 
from combustion are very difficult to identify and assess under optical microscope. 
Nevertheless, these traffic-related activities may also be a source that contributes a 
high proportion of volatile solids to the street surface sediments. Based on the data 
obtained, there is no s i g n i f i c a n t difference between the volatile solids content in 
residential and industrial street surface sediments. Therefore, landuse pattern is not a 
major factor which affects the volatile content in urban street sediments. 
The generally low volatile solid content was expected in the channel deposits as 
the major source of sediments is believed to come from the upstream natural 
catchment. However, it is interesting to find that the guUy pot volatile solids were not 
as high as the street surface volatile solids though anaerobic bacterial growth is active 
in these sediments. Perhaps the reason for the low volatile solid content in the guUy 
pots and channel deposits was that generally only coarse particles were trapped and 
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these sediments usually contain less volatile solids because of the greater affinity of 
volatile organics to finer particles. 
3, How the urban sediments are deposited and accumulated - observations based 
on grain surface characteristics. 
The production of urban sediments in Fo Tan can take place under several 
situations. First, land disturbance such as redevelopment, excavation of the road and 
other construction works causes the exposure and erosion of some granitic soil 
sediments. In addition, the traffic on the road surface also leads to the production of 
sediments due to the abrasion of tyres and the wear and tear of the road surface 
materials. 
From the images provided by the scanning electron microscopy, we are able to 
tell that both chemical and mechanical processes are active during the transportation 
and deposition of ail sediments. Chemical action dominates on most of the quartz 
grains where solution, precipitation and chemical etching are evident. Traces of 
mechanical processes can be found but these were suppressed by chemical processes. 
This chemical action takes place during and after the transportation of the sediments. 
4. What are the implications of this study ？ 
On the whole, it can be seen that in an this urban environment, the sediment 
production is primarily traffic-related with some direct forms of human disturbance on 
the road surface. It is not difficult to understand that in a stable area with high 
imperviousness and minimal soil erosion that the major source of sediment should be of 
anthropogenic origin. 
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The accumulation of sediments on the street surface is affected by slope though 
it only accounts for about 25% of the variability in these data. In addition, the 
microtopographic factors may also play a role in the accumulation rate especially for 
road surfaces with some hollows or depressions which may trap sediments. 
Beside the municipal garbage, the traffic dusts are often ignored by the street 
sweepers though more attention should be accorded to the pollution potential of such 
sediments. These types of sediments, which are usually less than 2 mm in diameter 
have the highest volatile solids and heavy metals content, indicating high pollutant 
loads. Therefore, attention should also be given to minimise the accumulation of the 
traffic-related sediment sources, e.g. dusts and tyres fragments which wiU be discussed 
in section 8.2.1 and 8.2.2. 
t 
8.2 Fiitiire Directions 
8.2.1 Fqiiipment med in redu— nrhan sediments 
Broom sweeping is commonly used in Hong Kong to remove surface sediment 
in urban areas. Such methods however, are not effective in removing finer particles 
which are potentially heavily polluted. Pitt (1979) has found that the efficiency of the 
use of broom depends on the material used and whether it is in good condition or not. 
Other equipment suggested by Pitt (1979) and the EPA (1993) can also be 
considered. For example, the use of vacuum assisted mechanical street cleaners or 
industrial-type vacuum street cleaners were found to be more effective for small area 
or pavement. Both abrasive brush and vacuum sweepers have been shown to be 
generally inefficient in picking up fine solids less than 43 ^ im (EPA, 1993). It has been 
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reported that a newly developed helical brush sweeper incorporating a steel brush with 
vacuum was more effective at removing fine solids. A more comprehensive review of 
the equipment to be used in street sweeping should be conducted to gain its best 
performance. 
8.2.2 Sweeping practices of the street surface 
There are clear relationships between surface sweeping effectiveness, rate of 
sediment deposition and the entrance of the sediments into the drainage system, 
especially the stormwater drainage system. Given the division of responsibility among 
governmental departments, better co-ordination is strongly needed. 
In order to maximise the effectiveness in removing sediments from the urban 
settings, street surface sweeping should be undertaken before guUy pots are emptied, 
followed by sewer or main channel cleaning. Another practice which is often used by 
the Hong Kong Government is street flushing. This method, however, merely 
displaces dirt and debris from the street to the gutter or further downstream to the 
receiving waters and does not remove the potential pollutants. 
In order to minimise the pollutional impact on the urban waters, an effective 
and comprehension cleaning scheme for Hong Kong's urban area is urgently needed. 
As for other tropical cities like Hong Kong, the abundant input of rainwater carries 
those pollutants into local channels and cause deterioration of stream ecology. This 
problem is exacerbated when there is high input of litter and grease to the urban 
catchment and modifications by people such as the construction of structural 
stormwater controls which facilitate water pollution. 
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For routine sediment-removal, a combined method is suggested with the use of 
machine street cleaning assisted by manual cleaning for particular areas where the 
machines cannot reach. The manual cleaning is important in helping to remove and 
transfer sediments out of the urban setting. So, the authorities need to be made aware 
of the need to integrate the regular cleaning schedule or programme with a set of much 
broader objectives. 
The use of vegetated areas is widely adopted in other countries to reduce 
pollutant loadings from pavement runoff (EPA, 1993). In Hong Kong, this can be 
achieved through the establishment of urban parks or tree-planting along the pavement 
to increase percolation of the surface runoff. 
8.2.3 The use of SHM in urban sediments 
Scanning electron microscopes have been used widely to reconstruct 
paleoenvironments. The present study is only one of several studies (Roberts et aL, 
1988; Ellis et al, 1982) which uses SEM for modem sediment to suggest the possible 
mechanisms involved in the transport of such sediments. 
The application of this technique is useful as it adds another perspective to our 
regular sedimentological or pollutional study of urban sediments. Nevertheless, there 
are still numerous difficulties to overcome, such as the choice of sample size, sample 
treatment and surface textures amongst others. 
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8.3 Conclusions 
To sum up, this research investigated the particle sizing and volatile solids 
content of sub-tropical urban sediments found in four urban depositional environments, 
namely, industrial and residential street surfaces, guUy pots and the river channel. 
When volatile solids content are used to infer the organic pollutant loadings in these 
urban sediments, it was found that the street surface sediment are the highest in volatile 
solid content. Transportational and depositional mechanisms are deduced from the 
surface features ofthe quartz grains collected in urban sediments with the use of SEM. 
Both chemical and mechanical processes were noted. 
This thesis concluded that measures to reduce the production of organic urban 
sediments on street surfaces are urgently required. Fast-growing urban economies in 
tropical or sub-tropical regions, combined with unique urban development conditions 
(e.g. high population density and fast urbanisation rate) and seasonally hot and humid 
climatic conditions are common in the Southeast Asian cities. Therefore, special 
attention should be given to the impacts of traffic and road surface sweeping practices 
which emphasise the pollutional potential of the street sediments rather than simply the 
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APPENDDC I 
> ^ _ ^ ^ ^ ^ — ^ ^ ^ ^ ^ ^ ^ ^ — « ^ ^ ^ ^ ^ ^ ^ ^ — ^ ^ ^ ^ ^ — — M — — ^ — ^ ^ ^ — — — ^ ^ ^ — — — ^ ^ ^ — ^ ^ ^ * ^ ^ ™ ^ * ^ " ^ * * ^ ^ ^ ^ ™ ^ ^ ^ ^ * ^ ™ ^ ^ ^ ^ ^ ™ * * ^ ^ ^ ^ ^ ^ — ^ ™ ^ — ^ 
Type of bituminous material 
Properties ~" 
Roadbase Base course Wearing course Friction 
(recipe mix) course 
Nominal maximum aggregate 37.5 37.5 28 20 10 10 
size (mm) 
BS test Percentage by mass passing 
sieve 
1 i 
50 mm 100 100 - - - -
37.5 mm 90 -100 91 -100 100 - - -
28 mm 70 -94 70 -94 91 -100 100 - -
20 mm 62 - 84 62 - 84 85 - 95 91 -100 - -
Particle 14 mm - 55 - 76 72 - 87 78 -90 100 100 
size 10 mm 49 -67 49 - 67 55 -75 68 - 84 87 -100 85 -100 
distribution 5 mm 37 -55 37 - 55 35 -53 54 - 72 62 - 80 20 - 40 
2.36 nun 27 - 43 27 - 43 25 - 40 42 - 58 42 - 58 5 - 15 
1.18 mm - 20 - 35 15 -30 34 - 48 34 -48 -
600 /im 13 -28 13 -28 12 -24 24 - 38 24 - 38 -
300 fjim 7 -21 7 -21 8 - 18 16 -28 16 -28 -
1 5 0 p i m - 4 - 1 4 5 - 12 8 - 18 8 - 18 -
7 5 ptm 2 - 8 2 - 8 3 - 6 4 - 8 4 - 8 2 - 6 一 
Bitumen content min. 3.0 4.0 4.5 5.0 6.0 4.5 
as percentage 
of total mass max. 4.0 4.5 5.0 5.5 7.0 5.5 
including binder 
Design limits for particle size and bitumen content for bituminous materials. 
Source: CED (1992). 
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APPENDDC n 
Classification Function Standard Traffic Management 
*Expressway and Connects the main High capacity roads with 24 hour stopping 
Urban / Rural Trunk centres of population no frontage access or restrictions. 
Road development, pedestrians 
segregated, widely spaced 
grade-separated junctions. 
Primary Forms the major Roads having high Usually 24 hour stopping 
Distributor network of the urban capacity junction, restriction. 
area normally grade separated, 
segregated pedestrian 
facilities and limited 
frontage access. 
> 
District Links districts to the Roads having high Usually peak-hour 
Distributor primary distributors capacity at-gradejunction. stopping restrictions and 
parking restrictions 
throughout the day. 
Local Roads within 
Distributor Districts linking 
developments to the 
District Distributor 
Rural Road (A) Connects the smaller Roads having high 
centres of population capacity junction and 
or popular recreation limited frontage access, 
areas with major 
road networks 
Road classification system. Source: Transport Department (1995). 
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